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PEEFACE 



This work has been written as a text-book for students 
of medicine, and as a work of reference for practitioners 
in connection with medico-legal cases. The author has 
availed himself of the material present in the works of 
Casper, Taylor and Stevenson, Ecese, Blyth, Dixon 
Mann, and others, and has always endeavoured to make 
reference to such assistance in the text. No pains have 
been spared in the effort to bring all sections of the book 
up to date. Special care has been given to the section 
on Toxicology, and it is hoped that the directions for 
the treatment of cases of poisoning will prove useful to 
practitioners. 

The author has to thank his friend Mr. Jackson 
Clarke, Pathologist to St. Mary's Hospital, for kind assis- 
tance and advice in connection with the chapter on the 
making of post-mortem examinations for medico-legal 
purposes, and his friend and colleague Dr. Gow, Physician 
Accoucheur in charge of Out-Patients in St. Mary's Hos- 
pital, for valuable suggestions in connection with the 
section dealing with questions appertaining to the organs 
of generation. 

AETHUB P. LUFF. 

31 Weymouth Street, London, W. 
1895. 
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JNTltOVUCTION— MEDICI L E VIDENCE 

CHAPTER r 

Imporlance oF ki.owlHilt^ □( medical jarispruilenue— Djing tleclaratiom 
•~InquM(B and proceiliiie iu Ihe coroner's court— Hedico-legal re- 
poTta — Procedure in llie nutgiatrate's court- Procedure at the court 
of ausixe — AttencUnco ol tuedicnl witnesiea— Common and expert 
witnesHCB— Delivery o[ mcdieal evidence -Fees o[ medical nilnesscs, 

Medical Jl'uisI'UUDBNcb, or forensio medicine, or legal medi- 
cine, eiiibracea every briiiich of the medical art and science. 
The impoi'tunce of it to medical men is obvious, and cainiot well 
be over-esli waled. It may be reckoned with ulntost absoliito 
certainty that a mediciil iimn, who hua been engaged for any 
length of time in general practice, must on several occasions 
appear as a medical witness in one or other of tlie courts of 
law, and that upon his conduct on such public occasious, 
founded as it must be on his knowledge or want of knowledge 
of legal medicine, may depend the liljerty and lives of some o( 
his tellow-creatnrea. 

"When a diploma to practise medicine is token, there 19 
practically received witli it a comniis»iou for tlie detection of 
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crime. For instance, at any time a medical man may be called 
to a case of poisoning or to a case of murder from stabbing or 
shooting ; it is then impossible for him to avoid giving evidence, 
it is impossible for liim to shift the responsibility to another ; 
his pubhc appearance in a court of law nmst follow, and upon 
his evidence the detection and punishment of crime may in 
great measure depend. 

It is too frequently imagined by the medical student that a 
knowledge of medical jm-isprudence can be spontaneously 
acquired when tlie critical moment for the apphcation of such 
knowledge arrives. Nothing can be more misleading or in- 
accurate, and it is to be hoped that in the future more attention 
will be given to the study of the subject than has unfortunately 
been done in the past. 

Medical jmispnidence is that science which teaches the 
application of even- brancli of medical knowledge to the pur- 
poses of the law. Its object is to furnish tlie instruction which 
can enable the medical man to adapt his knowledge and ex- 
perience to emergencies, and to collate such medical facts and 
principles us, when arranged and given in evidence, may be 
necessary to enable a judge and jury to arrive at a just con- 
clusion. 

Medical Evidence 

The duties of a medical jurist may be twofold : (1) to aid 
the law in fixing on the peii)etrator of a crime ; (2) to rescue 
an innocent person from a falsely imputed crime. 

Medico-legal duties. — With regard to the various medico- 
legal duties of a practitioner and expert, detailed information 
will be given in the various sections of this work ; but here it 
will be as well that advice should be given upon the following 
general points. 

Necessity of careful observation. — When a medical man is 
summoned to a case which he may have reason to regard as 
suspicious, he should be careful to observe all details and 
minutiae which are likely to have any bearing on the elucidation 
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of the case. A judge once pertinently remarked * that a medical 
man when he sees a dead body should notice everything ' : for 
instance, any indications of a struggle ; the position of the body ; 
its relationship to other objects in the room or place where it is 
found, such as its position with regard to the door and to the 
various articles of furniture which may be present; and the 
nearness, or otherwise, to the body of any lethal weapon, or 
article from which poison may have been taken or administered. 
It is also advisable that a rough sketch showing the position of 
the body and its relationship to the various articles of furniture, 
&c. in the room should be made. 

Clearness in language. — When giving evidence, simplicity 
of language and clearness of style should be zealously aimed 
at by the medical man. Highly technical language and vague 
statements should not be employed in the witness-box, and it is 
useless for medical men to think of sheltering themselves behind 
such language or statements, as criminal lawyers now acquire 
a considerable amount of medical knowledge in relation to 
questions of poisoning, abortion, wounds, &c. It should be 
borne in mind that it is the great aim and art of counsel who 
defend prisoners charged with nmrder or manslaughter, to 
endeavour to discover what the medical witness omitted to do, 
cither during the treatment previous to death, or at the pre- 
liminary examination of the dead body, or at the post-mortem 
examination ; and to attribute any omission either to pro- 
fessional ignorance or to professional bias. 

Dying Declarations 

It may sometimes be the necessary duty of medical men to 
take dying declarations. With the exception of dying declara- 
tions, the law requires all evidence to be given on oath, or what 
is equivalent to an oath. It is therefore necessary to carefully 
bear in mind the following three points which are required, so 
as to render such dying declarations without oath of equal value 
to evidence on oath. 

b2 
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1. The pei'soii must believe that he iH in nctiuil danger of 
death. 

2. He must believe that his recovery Is impoBxible. 

3. To make the decltivatioii itdtiiissible na evidence, death 
must have ensued. 

The law assiuiies that uo one would willingly leuve thia 
world telling an untruth duiing the last nioineiits of life ; and 
that if an accusation is ma<le at so solemn a lime, it is doubtless 
a sincere one. .\t the same time it should be rememlHired that 
the accusation may be sinceix.- and yet not l>e inie. Taylor and 
Stevenson cite a case of adying woman in St. Thoniass Hospital 
wlio accused a man of assaulting her on Kennington Common ; 
he was found guilty and execiitt'd ; a year after his execution 
the real murderei's wei-e discovered, and the innocence of the 
executed man estalihshed. 

This conviction of approaching deatli in the mind of the 
person making tlie dying declaraliou is absolutely necessary 
iot its acceptance as evidence in a court of law ; tor in the case 
of Ji-nVin^ (Crown Ciises Hesiirved. .\piil IHIi'l) a slatemcnt was 
rejected ln'cause the dyinj; [K^i'son, in using ihe e\pression 'I 
have no hnpe of mv iwi)vei'v,' lequcsted llial ihe words 'at 
present' should l>e 'added. Jn 7,V;/. v. L.wh'^hunwih (Vork 
Unt Assizes, l«71) Mr. .lusliee lirett declined to receive a 
statement because the evidence went no further than that the 
dving uian said 'he thought lie should not get better.' 

Dying declarations are not available in civil but in criminal 
cases only, and they are only admissible in cases of homicide 
where tlic death of the jierson nuiking the declaration is t!io 
subject of the charge. The declarations must relate to the 
actual cireuiristances of the death and to nothing else. 

The same rules as lo dying declarations hold good as to 
evidence on oath, viz. :- -that a child of tender years must 
lie proved to liave had such religious knowledge as would 
have made the oath admissible. In the case of Itfj. v. Perkins 
the dying declaration of a boy aged ten was received as 
evidence. 
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With regard to the duties of a medical man, when a dying 
person desires to make a declaration ; if a magistrate or other 
legal functionary be present, his only duty is to give an opinion 
as to the state of the dying person's mind, \.c. whether he hj in a 
sound mental condition or otherwise ; but if no legal functionary 
be present, then it is the duty of the medical man to receive 
the declaration or confession ; but he should be careful not to 
be officious in extracting information, and to simply write the 
identical words voluntarily uttered by the sick person ; then, 
after reading the confession over to him, he should, if pos- 
sible, get the dying person to sign it. In the event of the 
injuries being so severe and death so sudden that there is 
no time to write down the words of the dying man, then 
(whilst endeavouring to prolong hfe) it is the duty of the 
medical man to listen quietly to such statements as the 
dying person may make, and as soon as possible to commit 
them to writing. If other persons have been present and 
liave heard these statements, this \NTitten account should 
be read over to them, and they should attest the veracity 
of the statements by attaching their signatures thereto. In 
such a case, it is allowable for word of mouth evidence of a 
dying declaration to be given, but greater weight is always 
attached to those statements that are taken down in writing in 
the presence of witnesses. Since, as was previously stated, in 
order to make the declarations admissible as evidence, deatli 
must have ensued, it follows that, if a person who has made a 
dying declaration recovers, the confession necessarily ceases 
to have any legal force. As has been already pointed out, the 
law makes an exception in the case of a dying person to the 
tendering of evidence on oath, since it assumes that, with the 
conviction of approaching death, he must feel himself under 
as solemn an obhgation to tell the truth as if he were giving 
evidence on oath in the witness-box. If, however, after making 
a dying declaration a person should recover, then he resumes 
his normal condition with respect to the law, and must tender 
his evidence on oath in the witness-box. 
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CORONER'S COURT 7 

takes place a long period after the occurrence of the accident, 
and especially when an intercuiTent malady, such as an attack 
of pneumonia or of acute bronchitis, is the actual cause of 
death ; in such a case the practitioner may naturally regard the 
disease, and not the accident, as the cause of death, and so may 
give a certificate accordingly ; the second way in which medical 
practitioners may inadvertently come into collision with the 
coroner is by certifying the death of a patient who, while 
suffering from some chronic malady, meets with an accident 
not directly affecting life, such as a broken limb. Supposing 
that death occurs some weeks later, the medical man is prone 
to certify as if no accident had happened, especially as in 
such cases it may occur that pressure is put upon the medical 
attendant to induce him to give a certificate, and so to spare the 
family of the deceased the publicity of an inquest. In either 
of the instances that have been described, the coroner should, 
however, be informed, instead of a certificate being given. 

Some coroners, on receiving information of the death of an 
individual, under suspicious circumstances, after satisfying them- 
selves, as a rule, by hearsay evidence obtained through their 
officers, as to the absence of criminal causation or other reason 
for holding an inquest, intimate to the registrar of deaths that 
he may authorise the interment without an inquest being held. 
This is not strictly in accordance with the law, which provides 
that, * except upon holding an inquest, no order, warrant, or other 
document for the burial of a body shall be given by the coroner ' 
(50 & 51 Vict.). 

It occasionally happens, in connection with some inquests, 
that the coroner fails to see the necessity of a post-mortem 
examination of the body being made; it is, however, extremely 
desirable, if not absolutely necessary in the interests of justice, 
that, with the exception of those cases of death resulting from 
machinery accidents and from railway accidents where the 
injuries are obviously the cause of death, a medical inspection 
of the body should be made in connection with all inquest cases. 
If, with the omission of the cases just referred to, there be 
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sufficient doubt as to the cause of death as to necessitate 
the holding of an inquest, there is also sufficient reason for a 
thorough inspection of the body at a post-mortem examination. 
Coroners' inquests are sometimes considered too lightly by 
medical men. A fact, which is not generally known, should be 
carefully borne in mind— viz. that when evidence haslieen given 
before a coroner or magistrate, and the case is aftenvards sent 
for trial, copies of the medical report and depositions given 
l)efore the coroner or magistrate are usually placed in the 
hands of the counsel and the judge, so that the evidence given 
])y a medical man before the coroner or magistrate may be 
compared word for word with that given at the trial. From 
ignorance on this point, it has not imfrequently happened, 
either from failure of memory, want of accurate observation, or 
carelessness in giving evidence at coroners' inquests, that 
medical witnesses have laid themselves open to severe censure 
by judges, either by stating matters differently at the trial, or 
by giving a different aspect or colouring to the facts; on 
such an occasion the prisoner's counsel is not slow to seize the 
opportunity of impressing upon the jury that a medical man 
who can give different accounts of the one transaction is not a 
person to be believed on either. 

Inquests are generally held on information received from 
one or more of the following, viz. : - 

1. A medical man communicates his suspicion to the coroner 
that the cause of death is not natural. 

2. The beadle, or some other parish officer, informs the 
coroner of a sudden death, or of a death from a supposed 
unusual cause. 

3. The registrar of deaths informs the coroner that no cause 
for death has been assigned, or that there has been rapid death 
after a short illness. 

Under the present system, the coroner is empowered by 
the Medical Witnesses Act to issue an order for the attendance 
of any legally qualified practitioner, and an order may be issued 
to the medical man to previously make an inspection of the body 
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and to report the result. Both these orders a medical man is 
bound to obey ; the summons issued is in the following form :— 

* Coroner s Inquest attlw in the Pa risk 

of in the County of ..: upon the 

body of By virtue of this my 

Order as Coroner of you are required to appear 

before vie and the Jury at the plaee aforesaid, on the day 

of 18 at of the cloek in the 

noon, to give evidence touching the cause of the death of 

the aforesaid person ; and make, or assist in making, a post- 
mortem examination of the body {with an analysis of the contents 
of the stomach, if such be necessary), and report thereon at the 
sai<l Inquest.* 

A fee of two guineas is the maximum allow^ed by the coroner 
for making a post-mortem examination, for giving evidence, and, 
if considered necessary, for making a chemical analysis of tlie 
contents of the stomach and of the other viscera. 

With regard to the question of the analysis of the contents 
of the stomach and the viscera, medical practitioners usually 
dechne to make a . chemical analysis involving advanced 
knowledge of chemical manipulations and serious responsibility; 
a coroner has now only to make a representation to the Home 
Secretary, giving satisfactory reasons why the analysis is 
needed, and it is then conducted by one of the official analysts 
of the Home Office at no cost to the coroner, the expense l)ei ng 
defraved by the Government. 

Medico-Legal Reports 

Rules as to the points to which medical men should espe- 
cially devote attention, either in the drawing up of medico- 
legal reports or in the delivery of evidence in the witness-box, 
w ill be given in detail in connection with the consideration of 
the subjects of poisoning, wounds, child-murder, &c., but, in this 
part of the book, it will be advisable to give some general instruc- 
tions with regard to the drawing up of medico-legal reports. 
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I. As far as possible, technical and scientific terms should 
l)e avoided ; for instance, instead of speaking of an ' hypertrophic 
liver,' speak of an * enlarged liver ' ; instead of mentioning the 

* duodenum,' mention the * commencement of the small 
intestine ' ; instead of employing the terms * gastritis ' and 

* enteritis,' use ' inflammation of the stomach ' and * inflamma- 
tion of the intestine.' 

II. Avoid the employment of terms and language which may 
be considered as exaggerated or wanting in definition ; for 
instance, such terms as * intense inflammation ' and ' enormous 
dilatation ' are relative terms, inasmuch as what may appear to 
be intense inflammation or enormous dilatation to one person 
may not appear to be so to another. 

III. In medico-legal reports the facts should be kept distinct 
from the comments upon the facts ; the facts are evidence, the 
comments are not necessarilv so. 

IV. The introduction of any hearsay statements, of statements 
made by others, or circumstances coming to the knowledge of the 
medical man through public rumour, should be carefully avoided. 

The procedure in the coroner's court is very simple. 
Witnesses are examined on oath, their evidence is taken down, 
questions may then be put to them by any member of the jury, 
and, in the event of further proceedings being taken, they are 
bound under a pecuniar}' penalty to appear at the Superior 
Court to which the case is sent. If the e\4dence given at the 
inquest is incomplete, and if further evidence may be forth- 
coming, the coroner may then adjourn the inquest. 

Maoihtratr's Court 

Another preliminary court of enquiry is the Magistrate's 
Court ; in this court the proceedings take the form of an in- 
vestigation as to the culpabiUty or non-culpability of a prisoner 
accused pf some act of criminality or of negligence of a criminal 
nature. At this court, as it is now a question of guilt or 
innocence, the accused person must be present, and for the 
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same reason witnesses may be examined and cross-examined 
bv counsel. 

Non-important cases, such as simple assaults, may be dealt 
witli summarily by the magistrate ; but with more important 
cases, if the evidence of culpability is deemed sufficiently con- 
clusive, the prisoner is committed for trial to a superior court, 
and the witnesses are bound over, under pecuniary liability, to 
appear there and give evidence. 

Assizes 

The next appearance of the accused person is at tlie Court 
of Assize. Before a case that has been sent up for trial from 
a lower court can be tried by a judge and jury, a preliminary 
enquiry is held before what is called the Grand Jiini. The 
medical witness has to attend before the gi*and jury, to take 
the oath, and to give a general statement of what he knows of 
the matter or matters ; he may have any questions put to liim 
to elucidate the cause of death, but he is not submitted to 
cross-examination before the grand juiy. 

A true bill for murder or for manslaughter may be found 
by the grand jury, and the accused is then placed on trial 
before one of the judges of assize and a petty jury. Pre- 
vious to the trial at the assizes a subpoena is issued to the 
medical witness, which subpoena he is bound to obey, but he is 
not bound to attend at the trial except upon a subpoena. If a 
medical witness is subpoenaed to give evidence as to matters 
oi fact, then his fees are according to a fixed scale, particulars 
of which will be found at the end of tliis chapter. If lie is 
subpoenaed to speak to matters of opinion, the question of 
fees is quite different, as he would then be occupying the 
position of an expert or skilled witness ; in such a case, the 
fees are, as a rule, made a matter of private arrangement 
between the medical witness and the solicitor who serves the 
subpoena. If such an aiTangement has not been efifected, then 
a medical witness, before being sworn to deliver his evidence, 
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can in a civil case claim the payment of his fees. The 
solicitor serving the subpoena is not, however, liable for the 
fees, the principal for whom the solicitor is acting has generally 
been the person liable. As an illustration of the difference 
between the obligations of a medical witness in giving evidence 
as to matters of fact and in speaking as to matters of opinion, 
in the case of Wehh v. Page (Can'ington and Kirwan's Rep., 
p. 23), Maule J. ruled as follows : * There is a distinction between 
the case of a man who sees a fact, and is called to prove it in 
a court of law, and that of a man who is selected by a party to 
give his opinion of a matter on which he is peculiarly conver- 
sant from the nature of his employment in life. The former is 
bound, as a matter of public duty, to speak to a fact w'hich 
happens to have fallen within his own knowledge — without 
such testimony the course of justice must he stopped; the 
latter is under no such obligation, there is no such necessity 
for his evidence, and the party who selects him must pay him.' 
With regard to the question as to whether a medical man 
subpoenaed to give evidence as to a matter of opinion is bound 
to attend upon such a subpoena, in Beits v. Clifford (Warwick 
Lent Ass., 1858) Lord Campbell stated, in answer to a question, 
that a scientific witness was not boimd to attend upon being 
sen'ed with a subpoena, and that he ought not to be subpoenaed. 
If tlie witness knew any question of fact, he might he com- 
pelled to attend, but he could not be compelled to give his 
attendance to speak to matters of oinnion. This expression of 
opinion, and the ruling by Maule J. previously mentioned, have 
been criticised by a barrister as follows : * There is one reason 
wliy I should not advise any person in the position of a skilled 
w itness totally to disregard a subpoena ; it is quite clear that, 
should such a person fail to attend the trial, no attachment 
could issue, even if he were called, as is usual, upon the sub- 
poena, because the party subpoenaing him could not make the 
requisite affidavits that he was damnified by the witness's 
absence, and in what respect. But such party might bring an 
action for damages, and although he would recover none, he 
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might not only worry, but might even put the defendant to con- 
siderable expense, as ** taxed costs" by no means inchide the 
entire costs in such cases. Although, therefore, I could not 
advise a total neglect of the subpa»na, the safest coiuse would 
be to obey it, and demand expenses before giving evidence ; 
such expenses would be only those allowed for a professional 
witness (not special fees), but if the person, wlien so su])pa'naed, 
were w*illing to run the risk of an action, he might safely absent 
himself without anv fear of an attachment from the court for 
contempt' (Taylor and Stevenson'). The wiser course for a 
medical man who may not be acquainted with any facts of the 
case, and yet wlio receives a subpa^na to attend and give 
evidence on matters involving the expression of opinion only, 
is to obey such a subpa-na. In the event of separate suhpaMias 
being received to attend trials at different assi/es held at the 
same time, it is obvious that obedience to both of them is iin- 
l)OSsible ; if one case should be a civil one and the other a 
criminal one, the criminal case shoidd always lake j)rt^ce(lence 
of the civil one; if the subptrnas are for two criminal cases, 
that one w^hich was first received should he the one to he lirst 
att^iiided to, provided the days of the two cases clash. 

Two classes of witnesses. Medical men mav be called 
cither as connnon witnesses or as experts, or, what is more 
frequently the case, both as witnesses of fact and as experts. 

I. A common uitfirss is one who has to speak to matters of 
fact which haveeome within his personal knowledge ; for instance, 
as to the injuries that may have been ])resent upon a dead 
body or upon a living person whom he was called upr)n to treat. 

II. The skilled or crperl irllucas is called to ^nve his oj>inion 
either on facts that may have come within his i)ersonal 
observation or that have been proved in evitlence hy others. 
The skilled witness should, in criminal cases, form his opinion 
on facts he has heard proved in the witness-box, and not on 
facts submitted to him in writing by the attorney, as it is 
necessary that he should be able to say that his opinions are 

' Mid. Jurisjpr., vol. i. 
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based upon the evidence that he has himself heard given in 
the witness-box. For instance, Mr. Justice Hawkins, in the 
Staunton case, dechned to take the expert evidence of a 
physician because he had not been present during the time 
that the witnesses had been giving evidence, but had based his 
opinions on the facts submitted to him in \vriting by the 
attorney. An expert witness is supposed to be specially skilled 
in the matters on which he is to testify. No one should ven- 
ture to assume the position of an expert witness who has not 
devoted special attention to the matter under consideration, and 
who is, therefore, really able to enlighten the court and jury. 

Answering questioni.- -It has occasionally happened that 
medical men have claimed a privilege not to answer certain 
questions which are put to them, on the ground that the matters 
involved in the questions have come to their knowledge through 
private and confidential communications made to them by 
patients. The law, however, concedes no special privilege of 
such a nature to members of the medical profession ; in other 
words, there are no medical secrets. It is a matter which must 
be left entirely to the conscience and judgment of any medical 
man, as to whether he considers himself justified in disclosing 
facts in the witness-box which have come to his knowledge in 
his private relationship with a patient, and which, if disclosed, 
may seriously affect the happiness and domestic relations of a 
family ; or whether, in the event of his declining to state the 
ground for refusing to answer such a question, he should risk 
the prospect of committal for contempt of court. A medical 
witness, like any other witness, is not bouiul to reply to any 
question if the answer is likely in any way to incriminate him- 
self, since no man can be compelled to be a witness against 
himself. For instance, at a trial for nnirder by poison, in the 
course of cross-examination, the counsel for the prisoner asked 
the medical witness what remedy or antidote he had employed 
when he was first called to attend the deceased ; he appealed 
to the judge to know whether he was bound to answer such a 
question as that, and the judge replied, 'Yes, unless you have 
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reason to believe that your antidote killed the deceased ; in that 
case, you are not bound to answer it. The question was im- 
mediately answered' (Taylor and Stevenson '). 

Before courts of assize banisters only can plead ; whereas 
in a magistrate's com*t both banisters and soHcitors can plead. 
At the Court of Assize, after opening the case, the counsel for 
the crown commences the examination of witnesses. Every 
medical witness is or may l)e subjected to three, and possibly 
four, sets of questions ; these will now be considered in the 
order in which they may be put in court. 

1. Examination-in-chief. "1. Cross-examination. 3. Kc- 
examination. 4. Questions put by the judge. 

I. Examination-in-cliief. — Tlie object is to bring out, by 
questions ivhichdo not sugijeat their answera, tlie facts relevant to 
the issue to be tried. These questions are put to the witness 
by the counsel representing the side on which the witness 
appears, on the strength of information contained in liis brief, 
which consists of a full account of the case prepared ])y the 
solicitor who has charge of it. 

With regard to written notes, a nieiUcal wiincjss should not 
read his evidence, but, as tlie legal expression goes, he may 
refresh his memory from time to time by referring to written 
notes, provided always that these notes were made at the time 
of, or, if this was impracticable, inunediately after, the occur- 
rences to which thev relate. The notes used must he the 
original notes, and not copies of them, and there should be no 
additions, the result of afterthought or of suggestions fioin 
others, made to the notes, if they are to be used in the witness- 
box. It is well to remember that, in the following cases, judges 
prefer evidence where the details have been connnitted to 
writing :— (i) Conversations with the prisoner, (ii) The results 
of a medical examination, (iii) The details of a post-mortem 
examination. 

II. Cross-examination. — In this stage the counsel representing 
the opposite side to that on which the witness appears puts 

' Med. Jurisjft'., vol. i. 
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questions which may suggest tlie answers in the strongest form^ 
in order to elicit any facts that may appear to be favourable 
to his client. These are called * leading questions,' and the 
witness now occupies to the examining counsel the position 
of a hostile witness. It is during the cross-examination that 
any bias which may have influenced the mind of the witness, 
any flaws, omissions, and inconsistencies in evidence, are 
brought out. It is in this part of the examination that a 
medical man would be closely questioned as to the qualifica- 
tions he possesses, the time that he has been engaged in 
practice, the special experience he may have had in reference 
to the subject matter of the trial, and the number of cases of 
a similar nature that he may have seen. To all these questions 
straightforward answers should be given. 

III. Re-examination. — This is conducted on the part of the 
counsel by whom the witness was originally called, to clear up 
or explain any portion of evidence which may have been 
rendered obscure or doubtful bv the cross-examination. 

IV. Questionspatby the judge. — Not unfrequently the judge 
may see fit to ask a witness certain questions that occur to 
him, in older to make clear certain points in his own mind, 
or for tlie information of tlie jm*y. 

Rules for the Dkliveuy of Medical Evidence 

I. Questions put by the counsel on eitlier side should receive 
direct answers, and there should be no perceptible difierence in 
tlie manner of the medical witness when replying to a question 
put by the counsel for the prosecution or for the defence. It 
should be borne in mind that some counsel adopt the ingenious 
and misleading device of compressing two or three questions 
into one, so that a witness may unthinkingly answer the last, 
although the same answer may not be applicable to all, and yet, 
when too late to be recalled, it may be found that the answer 
has been so construed by the counsel in the defence. In such 
cases, when compound questions are put, the witness should 
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always ask for a severance of the questions, so that a separate 
answer niay be given to each. With regard to giving evidence 
as to facts, the testimony of a medical witness must not he 
influenced by any consequences wliich may follow on their 
statement ; but, in reference to matters of opinion, gi*eat care 
and consideration should be exercised, due regard being given 
to the possible influence which they may exercise on the fate 
of the prisoner. Previous to the trial, and, if possible, the 
night before it, the subject-matter of the evidence which the 
medical witness is about to give should be read through and 
carefully considered. Any standard works on the subject, and 
v^ the opinions held and taught by others, should be referred to, 
^ as well as the precise grounds on which those opinions are 
held and taught. The facts concerning which the evidence is 
to be given should be aiTanged in the mind methodically and, 
as far as possible, chronologically. The witness should make 
himself quite clear as to dates and times, recalling, as far as 
possible, the day of the week as well as the month of any 
important event. It is also advisable, where the precise date 
or time is a matter of question, upon which important facts 
may turn, to be able to recall the circumstances that enable 
the witness to speak positively to the specific date or time. 
Where measurements, size, weight, &c., are matters of evi- 
dence, these should be carefully considered beforehand ; in 
the witness-box it is advisable to adopt well-known English 
standards. 

II. The replies to questions put by counsel should be 
concise, and, except where explanatory additions may be 
necessary-, they should be confined to the terms of the ques- 
tion ; excess of information in the answering of questions is 
generally the cause of a long and troublesome cross-examina- 
tion. 

It is well to remember that, when it is likely to have anv 
bearing upon the elucidation of the case, an illustrative draw- 
ing is very useful. For instance, if a medical man has been 
called in to a case of murder or suspected murder, he should, 
VOL. I. o 
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at the time, make a rough sketch showing the exact position of 
the body in the room or place where it was found, together 
with its relationship to articles of furniture, weapons, &c. 
Again, in describing injuries, such as cuts, stabs, bullet- 
wounds, &c., a sketch of the injury, particularly showing the 
exact position, size, and direction of the wound, is of great 
service in giving evidence. 

III. The answers to questions put by counsel should be 
neither ambiguous, hesitating, nor evasive. A doubtful or 
hesitating answer, such as one commencing with * I think,* or 
* It might be,' is not sufficient for evidence. By previous con- 
sideration of the medical facts, a medical witness should 
have come to some conclusion on the subject, and should 
therefore be capable of giving a decided answer ; if no conclu- 
sion has been arrived at upon the subject-matter of the case, 
then a medical man is scarcely in a position to give evidence. 

rV. With reference to quotations from books, authorities 
should not be quoted in the witness-box. The medical witness 
is asked to give liis opinion, and not to state whether such and 
such an author agrees or disagrees with that opinion ; but an 
author may be quoted by counsel, who may quote or read a 
passage from his book, and the medical witness may be asked 
whether he agrees or differs with the opinion therein expressed. 
It is most important that the witness should take due care to 
see that the quotation is properly taken wath the context. It 
is well neither to assent to, nor dissent from, the quotation 
until he has asked for the book, and has looked at the pas- 
sages preceding and following it (for a counsel may put a 
different colouring upon the passage quoted, either by mistake 
or wilfully), since one sentence preceding or following the 
quotation read may frequently put an entirely new aspect upon 
the quotation itself. 

Fees of Medical Witnesses 

Coroner's Court. — A fee of one guinea is paid to a medical 
witness for attending to give evidence at a coroner's court when 
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no post-mortem examination is ordered. An additional fee of 
one guinea is paid if a post-mortem examination has been 
ordered and made ; but this fee is only paid if the post-mortem 
examination has been ordered by the coroner in writing. 
There is no provision for a second fee for attendance at an 
adjourned inquest, but some coroners pay one guinea for every 
day's attendance. 

When an inquest is held over the body of a person who 
has died in a public hospital, infirmary, public lunatic asylum, 
workhouse infirmary, or other medical institution supported 
either by endowments or by voluntary contributions, the 
medical officer of such institution is not entitled to any fee, 
and is bound to attend the coroner's inquest without fee ; but 
if the dead body of a person is brought into the public hospital, 
or other public institution, and the medical officer of that 
institution is summoned to give evidence, then he is entitled 
to the usual fee. The Coroners Act provides that immediately 
after the termination of the inquest the medical witness is to 
receive his fee. 

Magistrate's Court. — If a medical witness resides within 
three miles, a fee of half a guinea is allowed for his attendance. 
At a greater distance, a fee of one guinea. 

Court of Assize. — A medical witness is allowed one guinea a 
day, with two shillings for every night he is away from home, 
and second-class travelling expenses by rail ; Sundays are not 
included. 

Court of Probate and Divorce. — One guinea per day, if 
resident within five miles of the General Post Office ; if at a 
gi-eater distance, two or three guineas per day, with expenses 
for going and returning. 

Court of Appeal.— A fee of one guinea per day is allowed if 
resident in London ; two or three guineas if from a distance, 
with reasonable travelling expenses. 
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QUESTIONS CONNECTED WITH THE DEAD 

BODY 

CHAPTEK II 

Signs of death— Cessation of heart's action— Cessation of respiration — 
Cooling of the body —Rigor mortis, or cadaveric rigidity— Production 
and disappearance of rigor mortis— Conditions affecting the time of 
commencement and duration of rigor mortis— Changes in the eyes — 
Changes in the skin. 

The Signs of Death 

A THOROUGH knowledge of the changes which take place in 
the dead body at a recent, as well as at a remote, period must 
necessarily be of use in determining both the question as to 
whether death has actually taken place — a subject presenting, 
as a rule, no great amount of difficulty to the medical practitioner 
— or as to the period at which death occurred, a question which 
may be much more difficult to answer, and which may have 
an important bearing upon the demonstration of the guilt or 
innocence of an accused person. 

Somatic death, or the death of the body as a whole, is defined 
as *the cessation of the vital functions, and of the general 
renewal of tissue consequent on that cessation.' The signs of 
death are those enumerated under the following six headings : 

1. The entire and continuous cessation of the heart's action. 

2. The entire and continuous cessation of respiration. 

3. The coldness of the body. 

4. Rigor mortis, or cadaveric rigidity. 

5. Changes in the eyes. 
G. Changes in the skin. 
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Putrefaction, mummification, and the formation of adipocere, 
which are undoubted later signs of death, will l)e dealt with in 
the chapter on Putrefaction, &c. 

The entire and continuous Cessation of the 

Heart's Action 

The cessaUion of circulation and respiration for any but a 
veiy brief interval of time is regarded as in itself sufficient to 
determine the reahty of death. Life is not, liowever, incom- 
patible with the brief apparent suspension of these two functions, 
but they must be speedily re-establishtd, or death assuredly 
follows. 

The rare possibility of a partial voluntary suspension of 
the heart's action should not be forgotten ; the case of Colonel 
Townshend recorded by Cheyne * is an illustration of the ex- 
tremely rare power possessed by an individual of partially 
suspending, by an act of volition, the action of the heart. 
Colonel Townshend, it appears, possessed the power, by a mere 
effort of will, of so suspending the action of the heart that he 
was able to pass into a profound sleep, or condition of stupor, 
in which no radial pulse could be felt, and no beating; of tlie 
heart was perceptible by palpation. It must be remembered, 
however, that, at that time, the stethoscope was not invented, 
and that Colonel Towrshend's heart must, in all probability, 
have been beating, although but feebly, during the time he was 
in the senseless condition, a period which usually extended 
over half an hour. A few hours after one of tliese experiments, 
however, the colonel died. 

To detect the cessation of the heart's action, the stethoscope 
or the ear should be applied to the chest-wall, especially over 
the area of the superficial cardiac dulness, where the sounds 
are usually best heard ; if no sound or movement of the heart 
is perceived during a period of five minutes, then death may be 
regarded as certain ; but if any doubt should be entertained on 

' Treatise on Ncrvotis Diseases. 
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the subject, then it is advisable to wait for fifteen or thirty 
minutes, examining the heart from time to time with the 
stethoscope. Absence of pulsation in the radial artery at the 
wrist is no sign of the cessation of the heart's action. 

The entire and continuous Cessation of Eespibation 

In order to observe whether respiration is occurring, the 
alternate movements of the chest and abdomen serve better for 
diagnostic purposes, and are more readily observed, than the 
movements of the chest alone ; the visible cessation of these 
movements for a period of fi\Q minutes furnishes proof that 
the person is really dead. The stethoscope should also be em- 
ployed to ascertain whether respiration has ceased or not, 
auscultation being conducted over the right and left second 
costal cartilages, to ascertain whether air is entering either 
bronchus. It is not necessary in this work to deal with the 
common tests frequently resorted to by the general pubhc to 
discover whether respiration has ceased or not, such as holding 
a looking-glass over the mouth of the person to see whetlier 
moisture from the breath is deposited on its surface, or suspend- 
ing a light feather or piece of wool near the mouth to see if 
movement occurs. These arc, no doubt, fairly useful tests for 
inexperienced persons, but resort to them is quite unnecessary 
on the part of medical men. 

Coldness of the Body 

The temperature of the body, which during life is maintained 
at about 98'4° F., sinks after death until it finally becomes 
jihnost the same as that of the medium by which the body is 
MuiTounded. This loss of heat is a gradual and progressive 
one, and its progi'essive nature confers a special medico-legal 
importance upon post-mortem cooling, so that the temperature 
(A a lK)dy may become, not merely a sign of death, but an in- 
* the time that the person lias been dead. The time 
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taken to cool to the temperature of the air, or other medium by 
which the body may be surrounded, varies according to the 
following conditions. 

I. The condition of the body at the time of death.— Bodies 
well covered with fat do not cool so rapidly as those which 
are emaciated ; the bodies of very young or very old people 
cool more rapidly than the bodies of persons in the prime of 
hfe. 

II. The mode of death. — After certain modes of death tlie 
body-heat may greatly exceed the normal ; for instance, this 
has been observed after death from acute rheumatism, cholera, 
tetanus, strychnine poisoning, and some forms of apoplexy. 
Certain modes of death may cause a post-mortem elevation of 
temperature, or may retard the rate of cooling. If death is due 
to considerable haemorrhage, such, for instance, as death from 
cut throat, the rate of cooling of the body may be consider- 
ably accelerated by the large loss of blood that has taken 
place. 

III. The amount of exposure and the temperature of the 
surrounding media. — The rate of cooling of a body must neces- 
sarily be proportional to the difference in temperature between 
the body and the surrounding medium or media ; a body whicli 
is well covered with clotlies will necessarilv cool more slowlv 
than a body whicli is not covered ; a body exposed to the open 
air, in cold weather, must necessarily cool more quickly than 
one in a closed room. The coohng of the body after death 
depends upon the following causes : — 

1. The cessation of certain chemical processes in the 
body. 

2. On radiation of heat — thus, a body will cool more rapidly 
in the open air than in a dwelling, more rapidly on the floor 
than in bed, more rapidly in a large apartment than in a small 
one. 

3. On the conduction and convection of heat by the medium 
or substance in contact with the corpse : for instance, a body 
will cool more rapidly in water than in air, provided, of course. 
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I: li:i> Ivtr. :is>:i:i:tM in >.-»::>.• wri'.vi-s on forensic medicine that 

I I I f h .^ i \ e V v^l > ;\ : : ': : -: y:i : «. o f I ' K;i'!:ri*n heii jx^r hour, and t ht'it 
liiL :i\t':\i^'o :::v-o Mkvv. for ;\ Ivsly u^* o^v^l down to the tempera- 

• u IV I • ! \\\ '.- ;i i r : > a \ \^\ ; : : w e r. : y - four h ours. The rate of cooHng 
of u Ik hi) :> r.o:. ho\vv>vr. v. r. if or! v. :hrouj:houT. since it must 
ilfper.d o!i \hv yi.fiivvrx-j- of u*v.^jvr.i:ure Iwtween the hody 
ai^il i:s >v.r:o:;!:vi!r.i: ::::/ii;;:r. or ii^edia. FvM- instance, in the 
c:i-t* of a ]\»iy t*\pv^>t\i :v> :lio air. ilio r.no of cix>hng directly 
afu-r ai.a*.l^ !i;a\ )v a: :iu' !r»:i' of 4' or o'" or more per hour, 
\\)Kiva> \\:un :r.i^ uv.'.iwa:;i:v of :ho KMy is appix>aching 
ihai of i]w aiv. :lv.* latr of tooiiiii: jn-r hour is nmch slower, 
^•i Tp.a: iO\varil> ;ho ov.a o! :ho ooolinj; iho temperature may 

• •iilv fall a fraciit'M oi a iit':::t\" por hour. In obM^n'ations on 
x]w U'lJiporaur.v ^'t \\\r lioavi IvhU ior infdioo- legal pui^poses, 
i: i< not advi<al»K* 10 iu]H!hl o!i :!io M'n<;ilion of warmth as 
i-oininunioatod to i\w hand oi t)u' ohM^-vor. hut to employ a 
ihi.*nnonit'ti'r plaood in th.i' axiUa to no:o 1)10 surface tempeniture. 
and one placed in the reoiuni to note t)u» internal temperature. 

Cnu^iual ntt'titi.^n of n\nnith «»'"/«■;• ih\ith. —Numerous cases 
have been recorded show hi •; that the warmth of the human 
Ixjdy may he retained in a jrreater or lesser degree for some 
liino after death, and OvVaMiMially this exceptional retention of 
heat lia> ;:iven riso to tlie su^pioio!! that the person may still be 
living. This retention of warmth in the Ixniy is especially likely 
to occur when death takes place at warm seasons of the vear, and 
wh'H th'.' hodv remains in a ummu and is covered bv materials 
which are i)id conductors of heat, such as bed-clothes. The 
f'jllwA.ii^' c.ivj. illustrative of ihi^, was reported in the * Lancet* 
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some years since, and is quoted by Taylor and Stevenson.* 
* A girl, who had retired to bed in apparently perfect health, 
was found on the following morning, as was supposed, dead. 
A surgeon who was called in pronounced her to be certainly 
dead, and stated that she had been probably dead for some 
hours. A post-mortem examination was ordered, in order that 
evidence as to the cause of death might be given at the inquest. 
The medical men making the examination found tliat the 
temperature of the body was not in the least diminished, 
although she must have been dead eight or ten hours.' 
Although, in this case, death had undoubtedly occurred, yet 
there were two causes influencing the retention of heat in the 
body ; one was that the girl died suddenly while in a state of 
health and vigour, and the other was that the body remained 
in bed closely covered by the bed-clothes until the time of 
inspection. 

Post-mortem rise of temperature, — After death from certain 
diseases the temperature of the body may actually rise for 
some time after the fatal event. The diseases in connection 
with which this post-mortem rise of temperature has been 
known to occur are cholera, yellow fever, rheumatic fever, 
small-pox, cerebro-spinal meningitis, strychnine poisoning, 
tetanus, and certain injuries to the brain. In connection witli 
cholera the temperature has been known to rise, after death, as 
high as 113° F. This post-mortem rise of temperature is due 
to some chemical action taking place witliin the body, as the 
result of which there is the production of an excessive amount 
of heat. 

In connection with the rise of temperature after death 
from cholera, some of the muscles not unfrequently undergo 
a contraction and subsequent relaxation. This phenomenon 
accounts for the authenticated observations that have been 
made of the bodies of corpses, after death from cholera, rising 
into the sitting posture ; the movement is due to post-mortem 
contraction of the muscles which raise the trunk, the subse- 

' Med. Jurispr., vol. i. 
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quent falling back of which is due to the relaxation of those 
muscles. 

Post-mortem siceating. — This occasionally occurs ; a case is 
recorded * of a patient suffering fioin albuminuria, who, ten days 
before death, w^as seized with uraemic coma and left hemiplegia, 
which lasted to the end. Four injections of pilocarpine were 
given ; the last (one-third of a grain) was administered three 
days before death, and produced a fair amount of sweating 
for twenty minutes. Forty-eight hours before death occurred 
profuse sweating broke out, and continued to the end. After 
death the body was washed and laid out, and when removed, 
four hours later, nothing unusual was noticed ; sixteen hours 
after death the sheets in which the body was enveloped and the 
pillow upon which it was resting were found saturated, and 
the skin was moist and clammy ; this continued for eight hours, 
i.e. until twentv-four hours after death. Post-mortem dis- 
colom'ations were well marked when the body was seen sixteen 
hours after death. 

RiGou Mortis ok Cadaveric Rigidity 

By ri(jor mortis is meant the rigidity of the muscles that 
comes on after death, producing a stiffness of the limbs and 
joints. The muscular tissues of the body pass through three 
stages, and these stages furnish data which may be of extreme 
importance in determining, in any given case, the period that 
has elapsed since death occurred ; they are — 

First stage : The stage of muscular flaccidity and con- 
tract Hit y. 

Second stage : The stage of rigor 7)wrtis or cadaveric rigidity. 

Third stage : Tlie stage of put refaction. 

First stage : The stage of muBColar flaccidity and con- 
tractility. — In the majority of cases seen after death there is a 
general relaxation of the whole muscular system ; the lower 
jaw drops, the eyelids lose their tension, and the limbs become 

• Tlic Lancet, 1880. 
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soft and flabby. During this stage the muscles are not only 
flaccid, but they are capable of contracting under the influence 
of stimuli applied to them, such as the electric cuiTent, or 
smart blows from a stick, &c. So long as the muscles are 
capable of contracting in this way, they cannot be considered 
as actually dead ; this stage generally lasts from three to ten 
hours, and must be regarded as the stage during which the 
muscles are dying, so that after the death of a human being, 
the muscles, in the majority of cases, pass through a dying 
period, lasting from three to ten hours, during which time they 
are capable of contracting under the influence of electrical or 
mechanical stimuli. Although this stage usually lasts from 
three to ten hours, yet, as will be mentioned later on, it may 
occasionally occupy only a few minutes, or even be apparently 
non-existent, so that, after death, the body may innnediately 
pass into the condition of rigor mortis. 

Second stage : The stage of rigor mortis or cadaveric 
rigidity. — Experiment shows that the seat of rigor mortis is in 
the muscles, for the rigidity disappears on their division. During 
the stage of rigor mortis the muscles retain the precise position 
they occupied at the time that rigidity supervened. The cause 
of the rigidity is the coagulation of the myosin, or muscle- 
tibrin, within the sarcolemnia of the muscular fibres. With 
regard to the actual causation of the coagulation of the myosin, 
one view that has long been held is that it is effected by means 
of weak acids. Sarcolactic acid is being constantly formed 
during Hfe, and as constantly removed from the muscles, and 
neutralised by the blood circulating through them ; but after 
death, diuing the period of life that remains to the muscles, and 
while they are still flaccid and contractile, acid products con- 
tinue to form and accumulate in the muscles, so that the 
muscles in a condition of rigor mortis have a strong acid 
reaction, due to the presence of sarcolactic acid, and possibly 
also of glycero-phosphoric acid. The rigidity of the muscles 
exists in two stages -an early stage and a later one, time simply 
determining the lapse of the* former into the latter. In the 
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early stage of rigidity the myosin is probably only partially 
coagulated, and if, while the muscle is in this stage, fresh 
arterial blood is made to flow through its vessels, the semi- 
coagulated myosin is dissolved, and it is then found that the 
muscles are still irritable to electrical stimuH (Brown- S^quard). 
The later stage is due to the complete coagulation of the myosin, 
and when this stage is reached there is a permanent loss of 
irritability of the muscles to electrical or mechanical stimuli. 

Tissot,* who has recently made some researches on cadaveric 
rigidity, has arrived at the following results : — (i) The rigid 
muscles can very often be electrically excited for a variable 
length of time after the onset of rigidity, and even when it is 
completely established. This persistence of excitabiHty is al- 
most constant in those cases in which rigor mortis has super- 
vened rapidly. (ii) The rigid muscles which have lost their 
electrical excitability often preserve their mechanical excitability 
for a considerable period of time, (iii) The rigid muscles which 
have lost their electrical and mechanical excitabiHty can still 
be excited to contraction by chemical reagents, (iv) Whilst the 
electrical excitability progiessively diminishes, the excitability 
of the nmscles to certain reagents increases, and reaches its 
maximum when that of electricity disappears, and at the 
moment when the muscle becomes rigid, (v) Tetanised and 
fatigued muscles present an exaggeration of sensibility to 
chemical reagents in the same manner as the rigid muscles, 
(vi) Contraction produced in rigid muscle by the action of some 
excitant is accompanied by the production of a * current of 
action ' in the muscle. It is also accompanied by the dis- 
engagement of heat, as in the contraction of normal muscle, 
(vii) Rigid muscles when exposed to the air absorb oxygen and 
give off carbonic acid. 

In connection with the presence of sarcolactic acid in the 
muscle after death, Catherine Schipileff* has formed an in- 
genious, though doubtful, theory of rigor mortis. She finds that 

' L' Union MidicaU, 1894. 

- Cenlralb.f. d. Med. Wisscnsch., 1882. 
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myosin can be precipitated from its saline solutions by weak 
acids without change, and that it is soluble in excess of acid ; 
the same occurs in the body ; by injectin*^ small quantities of 
weak lactic or hydrochloric acid (0*1 to 025 per cent.) into the 
vessels of a recently killed frof?, the muscles become ripd. 
This rigidity passes off by injecting stronger acid (0*3 to Go 
per cent.). After rigor mortis, muscle contains more acid than 
either during rigor or l>efore it sets in. The conclusion is 
therefore drawn that rigor mortis is due to the post-mortem 
development of acid, and its passing off is due to the further 
development of acid which redissolves the precipitated myosin. 
Halliburton believes that a ferment action is concerned in the 
production of myosin. 

In addition to the hardness of the nuiscles produced by the 
state of rigor mortis, a slight amount of contraction takes placii 
at its onset, and the muscles become to a slight extent 
shorter and thicker; the limbs, if left to themselves, stiff(»n 
in a position of partial flexion. As a matter of experiment, 
it is found that a muscle in the act of entering into rigor 
mortis can lift a weight, showing that actual contraction 
takes place. Coagulation of myosin alone does not account 
for all the phenomena in connection with the production of 
rigor mortis ; the shortening of the nniscles just referred to 
points to something more than mere stiffening. Some physi- 
ologists believe that cadaveric rigidity is accompani(Kl by, if not 
actually the result of, a true muscular contraction. 

It has l)een pointed out by Hermann ' that the cliemical 
processes taking place in nuiscular contraction during life, and 
in cadaveric rigidity, are analogous, with the exception of the 
formation of mvosin from mvosinojjjen. In both states carbon 
dioxide, sarcolactic and other acids are formed, heat is evolved, 
and the muscle current is reversed. Jlerniann considers that 
rigor mortis is an actual contraction of the muscles, produced 
by some form of stimulation, the contraction lasting longer, and 
passing off more slowly, than an ordinary nuiscular contraction. 

' Lehrbuch der Pliysiologii'. 
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Bierfreund * found, on dividing one sciatic nerve in recently- 
killed animals, that the advent of rigor mortis was always 
delayed on the injured side. Hemi-section of the spinal cord 
below the pyramidal decussation was also followed by delayed 
rigidity of the side on which the cord was cut. The effect of 
removal of the nerve influence on the process occurring in 
muscles after death, and prior to the advent of rigor mortis, was 
illustrated in an experiment made upon a dog, in which the 
cortex of the left half of the brain was stimulated during Ufe, 
producing right-sided convulsions ; the right half of the cervical 
cord was afterwards divided, and the animal was then killed. 
Ordinarily, the result of one-sided convulsions would be to hasten 
the advent of rigor mortis on the side on which they occur, but 
in this case the result of the removal of the nerve influences 
from the brain was that four hours and a half after death the 
limbs on the left side were in a condition of marked rigor mortis, 
whilst on the right side the limbs w^ere almost as movable as at 
the time of death. Two hours later there was still considerable 
difference between the two sides. In the case of a man, who 
died forty-eight hours after an attack of cerebral haemorrhage, 
there was found to be a delay in the occurrence of rigor mortis 
on the paralysed side. It is true that cadaveric rigidity does 
occur in paralysed limbs, but this and other recent observations 
indicate that its advent is delayed in the muscles of Hmbs so 
affected ; this is important to bear in mind, since it was formerly 
stated that in hemiplegia there was no difference in the cadaveric 
rigidity of the two sides, provided the nutrition of the muscles 
was not affected. 

Not only do the experiments of Bierfreund, just recorded, 
tend to prove that there is some actual relation between the 
production of rigor mortis and the nervous system, but Falk 
and Schroff have shown experimentally that irritation of the 
mediilla can produce instantaneous rigor mortis. Moreover, 
in support of the more recent view that the nervous system 
does exercise some influence on the onset of rigor mortis, the 

' Arch, fUr die ges. Physiologies 1888. 
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observed phenomena in connection with the immediate onset 
of rigidity that occurs ia some of the cases of instantaneous 
rigor, to which allusion will shortly be made, cannot be ac- 
counted tor by the mere coagulation of myosin, hut point to 
their proiluclion by some nei-voiis or other influence. This 
subject, which will he further discussed Inter on, is of great 
importance to tlie methcal jurist, since the tight closure of the 
fingers of a corpse around tlie handle of a weapon may be the 
sole evidence in favour of suicide, as against homicide. 

Disapp«araiice of lipir mortia. — Cadaveric rigidity generally 
disappears aliout the time that putrefaction commences, and 
the usual explanation of its disappeai-ance is that it is due to 
the production of ammonia, resulting from putrefactive decom- 
position, which enerts a solvent action on the myosin, and so 
causes the stil!Fness of the muscles to disappeai-. It is true 
that myosin is soluble in an iilk&li such as ammonia, but there 
are many cafles in which rigor mortis passes off before putre- 
faction Bets in, and other cases in whicli rigor mortis persists 
after the onset of putrefaction. Hei'manu and Eierfreund 
BtatQ that cadaveric rigiihty begins to disappear before any 
putrefactive changes take place; certainly, disappearance of 
rigidity iias been obsen'ed in muscles retaining a strong acid 
reaction. It has been urged that to produce sufficient ammonia 
to dissolve the myosin, an advanced stage of putrefaction would 
be required, whereas rigidily generally passes off Ijefore any 
Doticeable degi'ee of putrefaction has taken place. Halliburton 
ia of opinion that the disappearance of rigor mortis is due to 
the action of an unorganised ferment. All tliat can be stated 
with certainty is tliat cadaveric rigi<lity passes off about the 
time that putrefaction begins, but it is not by any means certain 
that putrefactive changes are necessary factors in bringing 
about its disappearance. 

Time of commencement of rigor mortis.— As a mle, under 
ordinary conditions, rigor mortis commences alxiut the third or 
fourth hour, and is complete about the sixtli or seventh liour 
after death, so that it takes from two to llu-ee hours to affect all 
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the parts of the body. In the muscles of the face the rigidity 
is accompanied by a remarkable change of expression ; the face 
is sallow, the jaws are fixed, the comers of the mouth are drawn 
downwards, the temples are sunk, and the brow is contracted — 
fades Hij)j)ocratica. By this rigidity of the facial muscles, the 
expression common to the pei^son during life may undergo so 
complete a change, that identification may be rendered difficult, 
if not impossible, even by those who have known the person 
well. 

Order in which the varioos regions and parts of tke body 
are afTected.— Rigor mortis generally begins in the muscles of 
the neck and lower jaw ; from the neck it passes upwards to 
the muscles of the face, and downwards to the muscles of the 
upper extremities and trunk, and lastly attacks the muscles of 
the lower extremities. It passes off in the same order, so that 
the parts first entering into a condition of rigor mortis are the 
first to relax. The involuntar}- muscles are subject to rigor 
mortis as well as the voluntary, and, as a rule, it appears in 
them more rapidly. 

The heart commonly enters into the condition of rigor 
mortis an hour after death, and remains in that condition for 
from twelve to thirty-six hours. It not only stiffens on entering 
into the condition of rigor mortis, but it also undergoes sufficient 
contraction to entirely alter the relative capacity of its cavi- 
ties after death. When examined at this time, this abnormal 
condition has led to mistakes, the walls of the heart being 
described as thickened, and the cavities as diminished in size. 
This raises the important pathological question, as to whether 
the condition of the heart as found at a post-mortem examina- 
tion, made at the time usually allowed to elapse after death, 
represents the condition of the heart at the time of death. For 
instance, in cases of death from syncope, the heart is usually 
found contracted, and the question is whether this condition 
represents the state of the heart at the time of death — i.e. 
whether death has taken place with the heart in systole, or 
whether the contraction was a post-mortem occurrence. 
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Some experimentB made by Strassmann ' are instructive in . 
relatioo to this point. In a niunber of animals which Iiad been 
killed by sudden paralysis of the heart, in some an examination 
of the heart was made immediately aft«r death, and in others 
not until the nest day. In those cases where the heart was 
examined immediately after death, the left ventricle was found 
to contain more blood than the right ; but when the esamiiiation 
was made on the follomng day. the left ventricle was almost 
invariably fonnd firmly contracted, and its contents expelled 
either into the left auricle or into the aorta. In all cases in 
which the heart was examined immediately after death, both 
ventricles were found in diastole, relaxed and filled with blood ; 
in no case was the heart found to have stopped in systole. 
These facts indicate that the condition of the heart, at a post- 
mortem examination made some hom-s after death, gives no 
certain proof of its condition at the time of death. Most 
autopsies on the human subject are made after an iuter\'al of 
twenty-four or more hours after death, during which time the 
heart passes into a coudition of rigor mortis, which may or may 
not have difiapiwared at the time of the examination ; so that 
it is pi-ohal)ly \vrong to assume that the organ is then in tlio 
condition which existed at the lime of death. 

Conditioiu affecting tlie advent and dnratioii of rigor 
nortia. —The average duration of rigor mortis is from twenty- 
four to thirty -six hours in summer, and from thirty-six to forty- 
eight hours in winter. The time at which it first appears and 
the period during which it lasts may be modified by various 
circumstances and conditions: — 

(a) ,l(;e,— Rigor mortis occurs at an earlier period in the 
, bodies of very young and old people than it does ui those of 

middle-aged persons. 

(b) Condition and temperature of the surroiuidiiuj medium. — 
A dry and cold temperature will cause rigor mortis to persist 
for a long time, and, as a rule, delays its advent ; whereas, i( the 
air is warm and saturated with moisture, as in a tropical atmo- 

' Vitrteljabrsschr. f. gtr. Med., 1883. 
VOL. I. D 
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sphere, rigor mortis will come on speedily and soon passes o£ 
Taylor and Stevenson mention a case in which a body was ex- 
humed three weeks after death, in the month of January. It 
was in a good state of preservation, and the limbs were so rigid 
that it required a great degree of force to bend them. In this 
case, no doubt, cold favoured the continuance of the rigidity. 
Bodies sunk in water, as a rule, speedily pass into a condition of 
rigor mortis, and retain their rigidity for a long time, so that the 
last struggles of life may be shown by the contracted state of 
the muscles, as occasioned by the struggles at the time of death. 
Taylor and Stevenson mention the case of a young man who, 
whilst skating, fell through the ice ; he managed to keep his 
head and shoulders out of the water for some time by resting 
his arms upon the ice, but eventually sank. The body was 
recovered the next dav, and the arms were then found stiffened 
in exactly the position in which they had rested upon the ice : 
the legs were extended, and the muscles of the front of the 
thighs were much contracted, as if they had been powerfully 
exerted in keeping him erect while hanging on to the ice. 

(c) The condition of the viuscular systetn at the time of 
death, — Whatever produces exhaustion of the muscles, such 
as violent exertion, accelerates the on-coming of rigor mortis. 
This accounts for the well-known fact that rigidity takes place 
rapidly in the dead bodies of animals that have been hunted to 
death after a long run, and also for the fact that the bodies of 
soldiers who are killed at the close of a long battle, after many 
hours of severe muscular exertion, become rigid almost imme- 
diately, whereas the bodies of soldiers killed in the early part 
of the battle enter slowly into the condition of rigor mortis. 
In this way the fact is accounted for that the bodies of soldiers 
are occasionally found stififened in the actual attitude they were 
in at the time death occurred, so that they may be found 
kneeling with weapons firmly clenched in their hands, or even 
with the gun raised and kept at the shoulder. In these cases 
rigor mortis has occurred so rapidly that the muscles have 
at once passed into a condition of rigidity, without sufficient 
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lime httving elapiied fot previous relaxation. The coiivulsant 
poiaona, by their action on the muscles, cause rigor mortis to 
set in, as a rule, early after' death, and in animals destroyed by 
strychnine It usually seta iu with great rapidity. 

Early rigor mortis has also been noticed iu the IxKlies of 
human beings dying after violent convulsions produced by 
Bti-ychnino or by hydrophobia, BroNs"n-S^ijuard found, in the 
case of a woman who died of hydrophobia after violent con- 
vulsions, that rigor mortis had set in within the tirst horn* after 
death, and that it had ceased before the end of the tenth hour. 
Paltauf,' in connection witli some esperiments undei'taken to 
show the causal connection between rigor mortis and deatlis 
from certain poisons, found that curai'e always considerably 
delays the occurrence of rigor mortis, whereas strychnine, 
cafTeine, plcrotoxine, camphor, and the ammonium salts accele- 
rate it. To study the influence of the nervous system at the 
time of occurrence of the rigor mortis produced by the last- 
mentioned poisons, Paltuut divided the nerves and spinal cord 
of the poisoned animal, and found that the more a nniscle had 
been stimulated by the poison the sooner did rigor mortis occur. 

(d) Mode of death.— kn a rule, when death occurs fi-om a 
lingering disease accompanied by gi-eat prosti'alion, rigor mortis 
sets in quickly and disappears quickly. This may occur 
in death from phthisis, cholera, tj-phua fever, typhoid fever, 
hydrophobia, scurvy, and occasionally in chronic Bright's 
disease, .\lthough, as a rule, rigor mortis, when it cornea on 
speedily aft«r death, disappears rapidly, yet it does not follow 
that such is always the case : for in some cases, where death 
has been preceded by powerful convulsions, rigidity may connj 
on rapidly, and may continue for some days. 

In oases of death from very hngering diseases, rigor mortis 
may last so short a time as to pass unnoticed, so that it has 
been stated that rigor mortis did not occur after death from 
those diseases. Such, however, is not the case; rigor mortis 
has occurred, but has lasted for a very brief period. Johu 
' Wiener Mcdicinitclii: i'rrssi, lB'J2. 
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Hunter was of opinion that aft^r death by lightning rigor 
mortis did not occur ; this, however, is now known to be in- 
correct. Cases have been met with in which, after death by 
lightning, rigor mortis has been well marked and has persisted 
for some hours ; but in other cases the persistence of rigor 
mortis has been so short that its existence has passed un- 
noticed. As a rule, in cases of speedy death occurring in 
persons of vigorous health, the onset of rigor mortis is delayed ; 
to this, however, the peculiar condition known as instantaneous 
rigor must be regarded as an exception. 

InBtantaneous rigor or cadaveric Bpasm.— This is a peculiar 
and abnormal condition of rigor mortis, which occurs instantly 
after death, in which there is no interval of post-mortem mus- 
cular relaxation, so that the last living contractions of the 
muscles are actually prolonged into the rigidity of death. 
Dixon Mann ^ quotes the following examples of tliis strange 
phenomenon narrated by Seydel : 1. A man alighted from a 
railway carriage in order to procure refreshment. Whilst ob- 
taining something to eat, he was disturbed by what he took to 
be the signal for departure, and ran across the line to his train, 
not noticing that the locomotive was being backed towards the 
first carnage ; he probably saw the danger when it was too late, 
and in stooping to avoid it his head was caught between the 
buffers, and he was immediately killed. His arm was out- 
stretched at the moment, and grasped in his hand w^ere some 
provisions he had just obtained. Some hours afterwards the 
arm was still extended in the air, and the hand was firmly 
clasped on the food. 2. By the giving way of a bridge thirteen 
persons were suddenly precipitated into the water and drowned. 
Twelve hours after, when the bodies were recovered, in most 
of them the extremities were so firmly outstretched as to render 
it difficult to lay them in their coffins. 3. A man was standing 
on the ice, in the act of lighting a cigar; he fell through, 
and when the body was recovered, it was found in the upright 
posture, with the cigar and match between his fingers. 4. A 

' Forensic Med, and Tozicol, 1893. 
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man poisoned liy carbonic oxide gns in hia bedi-oom ivas found 
dead in a kneeling posture by the bedside. 

Segnard and Loge.' in an account of some experiments 
that they made on the body of a recently decapitated criniiiial, 
state that two seconds after the head was severed from the 
tmnk the jaws were firmly clenched: four minutes later the 
mouth was still firmly closed. The heart— ventricles and 
auricles — continued to beat rhythmically and strongly tor 
twenty-five minutes after decapitation, and the auricles for forty 
minutes more. One hour after execution the heait was opened, 
when the left ventricle was found hard and contracted, the 
right remaining soft. 

In the cases of instantaneous rigor quoted above, there has 
evidently been an absence of a period of muscular relaxation 
after death, and it is difficult to account for such instantaneous 
advent of rigor by the assumption that the condition is due to 
the coagulation of myosin alone. As the cause of the pro- 
duction of rigor mortis is still involved in obscurity, it will be 
sufficient here to refer to the fact that the experiments of 
Eierfreimd, previously quoted, tend to show that the nen-ous 
system does exercise some influence on its production, and Falk 
and Schroff' have demonstrated esperimen tally that irritation 
of the medulla produces instantaneous rigor mortis. 

The phenomena indicativeof instantaneous rigor or cadaveric 
spasm may be of immense importance in the interpretation of 
certain facts connected with the dead body. For instance, if a 
weapon, such as a pistol or razor, is found firmly grasped in 
the hand of a pereon, the condition is strongly confirmatorj- of 
suicide, since it is scarcely possible titat such a condition could 
be produced by any arrangement of the fingers of the corpse 
around the weapon by a murderer after death. It is impossible 
for the fingers of a coi-pse, while still warm and supple, to bo 
made to grasp a weapon in the same way that the hand had 
held it by strong muscular contraction at the moment of death ; 
the ttttempts that have been made by murderers to produce 
' U VrogrH Mi'tlical. 1987. 
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this appearance have always failed, the weapon in such cases 
being found lying loosely in the hand, and not grasped. On the 
other hand, it must of course be borne in mind that a weapon, 
although firmly grasped by a suicide at the time of the infliction 
of the wound, may either drop out of the hand or be found 
lying loosely in it, as a result of a muscular relaxation at the 
moment of death. So that, although a weapon found firmly 
grasped in the hand of a corpse is presumptive of suicide, 
on the other hand, the converse must not be assumed, viz. — 
that the mere fact of a weapon found loose in the hand is 
evidence of murder, since that condition may be due to mus- 
cular relaxation after a suicidal death. It has been asserted by 
Kussmaul, that the fact of a weapon being found firmly grasped 
in the hand of a dead person should not be taken as proof of 
suicide, since, as he states, if the fingers were closed around it 
in the stage of relaxation, they w^ould in the state of rigidity 
tightly grasp the weapon. This objection, however, is a purely 
theoretical one, and on examination is obviously untenable, 
since it infers that murderers are acquainted with the medico- 
legal importance of causing the hand of a victim to grasp the 
weapon firmly, and also that they have a knowledge of the 
stages of rigor mortis, and. would remain pressing the fingers 
of a corpse around a weapon until rigidity had set in with 
sufficient firnmess to retain it in the hand. 

Distinction of the rigidity of death from other forms of 
rigidity that may oocnr during life.— Bigidity during hfe from 
tetanus, apoplexy, catalepsy, syncope, or asphyxia has been 
stated to present symptoms somewhat resembUng cadaveric 
rigidity. There are, however, these three striking dififerences : — 

(i) If the rigidity occur in the course of any one of these 
diseases, the warmth of the body is preserv'ed. (ii) In rigidity 
from disease, the whole of the body becomes equally rigid at 
the same moment, due to the occurrence of a general muscular 
spasm ; whereas, in connection with rigor mortis, the rigidity 
commences in the muscles of the neck and lower jaw, and then 
gradually affects the other parts of the body, (iii) The distinc- 
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tioQ between muBcular spasm in iv living person iiml ileaih 
rigiility is veiy simple. If a joint be forcibly bent, such as tlie 
flrni at the elbow, the hmb will, if in a state of spasm from 
disease, return to its original position when the bending force 
is removed, whereas if it he in a state of rigor mortis, it will 
not. 

It should be remembered that rigor mortis in a new-born 
child does not indicate that it was necessarily horn alive. It 
mei-ely shows that it was recently Uving^i'.e. it may have been 
living in the uterus or in the vagina, but have died before birth 
actually took place. For instance, a case has been recorded in 
which the body of a dead child, delivered after the operation 
of craniotomy, exhibited strong rigor mortis, hut which ob- 
viously could not have been born ahve. The point is an im- 
portant one to remember in cases of alleged infanticide, since 
the mistake has been made of wrongly assuming that rigidity 
of the body is indicative of the child having been bom alive. 

Changes in the Eyes 

These changes, as indicative of death, are mainly confined 
to tlie cornea and the iris. 

I. The oomea. —Shortly after the occurrence of death the 
cornea generally loses its lustre and prominence, the globe gradu- 
ally becomes collapsed and the surface ^vrinkIed. The loss of 
lustre depends at first on the formation of a thin film of mucus 
over the surface ; later on, the cornea tissue becomes opaque. 
The wrinlding and flattening of the cornea are due to the absorp- 
tion of the aqueous himiour which subsequently takes place. 
Although these changes in the cornea constitute a fair indication 
of death, it should be remembered that, in cases where blood 
has been forced towards the head, the eyes may preserve their 
brilliancy and prominence for some time after the occurrence 
of death. This may occiu- in cases of death from apoplexy, 
and after poisoning with carbonic acid gas, bydrocyanic acid, 
and cyanide of potassium. On the other hand, the film over 
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the cornea and the collapse of the globe have been observed in 
cases of malignant cholera several hours before the occurrence 
of death. 

II. The iris. — The pupils dilate at the time of death, and 
do not respond to light. In addition, the iris is in a perfectly 
flaccid condition after death, as may be demonstrated by pres- 
sure with two fingers, one on either side of the pupil so as to 
compress the edges of the latter. If the person be dead, the 
pupil becomes irregular ; whereas, if the person be still alive, 
the pupil retains its circular form, notwithstanding the com- 
pression. Although the pupils dilate at the time of death, and 
do not respond to light, Marshall * states that contraction sub- 
sequently takes place during a period varying from one to forty- 
eight hours after death ; that atropine dilates the pupils after 
death, and that this effect may in some instances be produced 
after a lapse of four hours ; and that eserine contracts the 
pupils, but not for so long after death. 

In cases of catalepsy or trance simulating death, the pupils 
react to light. 

Changes in the Skin 

After death the skin becomes palUd and waxy-looking, from 
the absence of all circulation, and in some parts it becomes 
covered by livid discolourations or post-mortem stains. One of 
the most striking post-mortem changes in the skin is the almost 
entire loss of elasticity. In the hving body, if any parts of the 
surface be compressed, the skin readily returns to its original 
form on removing the pressure ; whereas, in connection with 
the skin of a corpse, the elastic recoil occurs but very shghtly. 

The so-called ' diaphanous test of death ' is one that cannot 
be relied on. It consists in taking a hand of a supposed dead 
person, placing it before a strong artificial light, with the fingers 
extended and just touching each other, and then looking through 
the narrow spaces between the fingers to see if there be a 
scarlet Hne of light. The theory is that, if there be such a line 

» The Jjancei, 1885. 
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of scarlet colour, there is some circulation still in progress, and 
therefore evidence of vital action ; whilst if there be no illumina- 
tion, then the circulation has ceased and death has occurred. 
As showing the fallacy of this test, Haward * records a case of 
undoubted death, rigor mortis having commenced in the upper 
limbs, in which the scarlet line of light between the fingers was 
as distinct as it was in the hand of a living person subjected to 
the same experiment. Mason ^ mentions a case in which the 
diaphanous test was applied to the hands eighty hours after 
death by the aid of a lighted wax match; a bright scarlet 
colour was visible. On the other hand, Eichardson ' has re- 
ported an instance in which the test, applied to the hand of a 
lady who had simply fainted, gave no evidence of the red line. 



' The Lancet, 1893. 



« Ibid., 1894. 



' Ibid., 1893. 
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CHAPTER III 

The reality of death— Determination of the period at which death has 
taken place— Post-mortem stains or cadaveric lividities— Distinction of 
post-mortem stains from bruises. 

The REAXiiTY of Death 

The question of the reality of death is one that can only be 
raised in the period preceding the occurrence of putrefaction. 
It is one that should be considered in a work of this nature, 
since there is a prevailing idea, with some members of the 
public, that premature interment is occasionally the means 
of sending a living individual to the grave. Cases of alleged 
premature interment have however, upon close examination, 
proved to be nothing more than the delusions of superstitious 
or ignorant people, with a considerable amoimt of exaggeration 
added. Cases have certainly occurred in which persons in a 
condition of insensibility from concussion, coma, syncope, 
catalepsy, or exhaustion, have been pronounced dead by 
bystanders, not by medical men, simply because there were no 
outward signs of respiration or of circulation ; but in these cases 
the warmth of the body is retained, and the heart and lungs 
continue to act, although perhaps but feebly. There is no 
certain and simple sign which would be of use in guiding igno- 
rant persons to decide on the reality of death soon after it has 
occurred, nor is it perhaps desirable that such should be dis- 
covered, as it would be always dangerous to leave the decision 
of such a question to ignorant people. It is better to strictly 
enforce the rule that nobody should be buried without a 



i 



PERIOD OF OCCURRENCE OF DEATH 43 

medical certificate of death and its causes. To avoid the 
poBsibilitv of hasty interment of the hving as dead, no burial 
should be allowed to take place until after the lapse of twenty- 
tour hours, at least, fi-om the time of the supposed Jeatli, and 
only then upon the certificate of a medical practitioner who 
has examined the body. It a pi'oper intei-val be allowed to 
dapae after the supposed death, there should be no difficulty in 
deciding the question of the reality of death, prior to the eom- 
mencenient of putrefactive changes. The circumstances on 
which a medical man should rely as furnishing the best e^'idence 
of this lire \ -1. The absence of circulation and respiration. 2. 
The gradual cooling of the body ; the exti-emities cooling first, 
and the trimk last. 3. The gradual supervention of rigor 
mortis. 



THE Period, prior to the commencement 
OF Putrefaction, at which Death has taken place 

A medical man, hy careful obseiTation of the state of a dead 
body, may, in cases of death from \iolence or suspected violence 
or poison, form a more or less correct estimate of the time at 
which death occurred, and, therefore, of the period at which 
violence was inflicted or poison taken. As there are, however, 
many factors which tend to modify the condition of the body 
at any one time, such as the age of the person, the mode 
of death, and the various circumstances that may have re- 
tarded or accelerated the cooling of the body, it is impos- 
sible for any hard-and-fast rules to l)e laid down, which can 
indicate that a given condition of the body must necessarily 
mean that a certain definite time has elapsed since death 
occurred. 

In the determination of the period at which death took place, 
the striking of averages is not of much assistance, and in the 
following table the extreme limits of time compatible with a 
given condition of the body are presented. In giving an opinion 
as to the time that has elapsed since death occiu^ed, it is for 
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the medical man, in any particular case, to draw his deductions 
from a correct observation of the state of the body when first 
seen, taken in conjunction with a careful estimation of all the 
causes which may have influenced or modified the various 
changes. 

Conditions observable, prior to the oommenoement of Patre- 
fEtction, that indicate the Time at which Beath occnrred 



The inference is tlmt death 



Appearance and condition of tlie dead body ' has oc rral • 



The body is more or less warm, and the volun- , A few minutes to 20 
tary mascles are relaxed hours 



The body is perfectly cold throughout, and rigor ' 10 hours to 3 days 
mortis is well marked 



The body is perfectly cold throughout; the 1 to 3 days (in hot 

limbs and trunk are free from rigor mortis ; ' summer weather) ; 

the muscles do not contract to electrical or I 3 to 8 days (m 

mechanical stimuli ; none of the putrefactive cool and cold 

changes are observable | weather) 



The body shows the commencement of putre- , 6 to 12 days ; but 
faction, as indicated by a slight bluish-green ! may appear in 
discolouration of the abdomen around the summer after 24 
umbilicus hours, and in win- 

ter may be delayed 
for 15 days 



Post-mortem Stains 

These changes are also known by the follo\Nnng names : — 
Cadaveric Uvidities, cadaveric ecchymoseSy cadaveric hypostnscSt 
post-morteni livid ities and sugillations. They are certain external 
changes that take place in a dead body before the commencement 
of putrefaction. On account of their colour and surface posi- 
tion, they have not unfrequently been mistaken for the effects 
of \4olence applied during life, and as serious mistakes may 
arise from such a confusion, it is very important that careful 
attention should be paid to them by medical men. The following 
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cases, mentioned by Taylor and Stevenson, illustrate the im- 
portance of such attention being paid to the subject. (1) A man 
was found one morning dying in a wood, and he died soon after 
discovery. On the previous day he had been seen to leave a 
public-house with two companions, all of them being at the time 
intoxicated and quaiTelling with each other. Two surgeons de- 
posed that they found the marks of numerous contusions all over 
the body, and upon this deposition the two companions of the 
deceased were connnitted and subsequently tried for murder. 
At the trial Bell and Fyfe proved that the apparent contusions 
were nothing else than the livid patches or hypostases which 
occur spontaneously on the dead body after many kinds of 
natural death ; this led, of course, to the liberation of the 
accused persons. (2) A man named Keir and his mother 
were charged with the murder of the father of the man. The 
prisoners w^ere condemned, but the only evidence of any 
weight against them was the appearance of a broad blue 
mark on the fore part of the neck, which the witnesses com- 
pared to that produced by strangulation. There was, how- 
ever, great reason to believe, from their own description of 
it, that it was due to natural changes taking place after 
death. 

It should be clearly understood that post-mortem stains are 
not the result of, nor are they in any w^ay related to, putrefac- 
tion, although their effects have frequently been mistaken for 
it. They are certain after-death stains, which to the superficial 
observer resemble in their general appearance the effects of 
bruises or contusions. They occur both externally and in- 
ternally {i.e. in connection with the various viscera) on the 
lowest and most dependent parts of the body : they show 
themselves generally dunng the four to twelve hours succeeding 
death ; i.e. they appear during the act of coohng, whilst the body 
is still warm and whilst the blood is still fluid : occasionally 
they may be seen at an earHer period than the first-mentioned 
one. When once the blood is coagulated the formation of 
these post-mortem stains ceases. 
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Their production is explained in the two following ways : - 

(i) Stagnation of blood in the capillaries, (ii) Gravitation 
of blood. During life the fluid blood is equally distributed 
throughout the circulator}- system, but after death the blood 
ceases to circulate, and becomes subject to the laws of inert 
matter. It therefore gravitates to the lowest and most de- 
pendent jnirts of the body, and stagnating there produces con- 
gestion of the superficial capillaries, the walls of which have, 
bv death, lost their contractilitv. It is the distension and 
congestion of the superficial capillaries by the blood which 
has gravitated to them that produces the post-mortem stains. 
These stains are necessarily found upon the most dependent 
parts of the body, pro\nded those parts are not subjected to 
pressure. If the Ixxly be lying on its back, then the lobes of 
the ear, the shoulders, the lumbar region, the buttocks, and the 
|v>storior [xirts of the legs and arms will constitute the lower 
l^rts : if the Uxly be in the prone position, then the face, chest, 
aUlomen, and the anterior pjirts of the legs and arms will 1x5 
the K^wer |v;\rts. 

lVst-nu>rtem stains are of a purplish or dull-red character; 
tho\ ui tii-si inij^ir: a mottleil ap[H\irance to the skin, but, later 
o!i. tlu' i:uiividual j^uohes cv^vlesce and fonn large areas of dis- 
Cv^Ivn;nitiv^n. Thesi* p;itches generally terminate abruptly in the 
>\li!to skin, sv> that they jx^ssess a well-defined though irregular 
outline. Their anatomical seal is the congested capillaries in 
the ivte nuuvsiwn, just alxne the papilla*, and they are due, as 
pivxiousK >:ate\l. to simple congestion of the capillaries and 
no: to SiiMiiuinevnis elTusion. 

Tiu^ }Kwitiv^u of ihest* |x>st-mortem stains may vary, during 
tb.o ivvivxi :l.:it the bUxxi ivmains liuid, if the body be dis- 
turK\i : fvn* instance, if ix^st-moriem stains have made their 
apjvaranoe on tlie ^x^^terior part of the boily as it is lying on 
its lvu*k. a!>d it. while the bkxxi is still fluid, the position of the 
UhK K^ n\ers<Hl. the stains on the Iwck part will disappear by 
gt^\ilativMi of the still fluid bkxxl to the parts that are now 
deiKMtdeni, and fresh stains will be formed on the front of the 
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body. The post-mortem stains, however, become permanent 
in position when coagulation of the blood haa occurred, and 
after this has taken place, no effect is produced upon them 
by altering the position of the body, nor are new stains 
formed ; so that if the dead body has been moved, after coagu- 
lation of the blood has occuiTed, it may be found that the 
post-mortem stains will not correspond with its altered 
position, and so may afford evidence of the dead body 
haviii); been interfered with some time after death. Although 
these stains appeal' on the most dependent parts, yet they do 
not occur on those portions of the body that are subjected to 
actual pressure. For instance, they would not be found on 
those parts where the body and the surface on which it is 
resting are in actual contact, since the superficial capillaries 
would be occluded by compression at the points of contact, 
and so the passage of fluid blood into iheni by gravitation would 
he prevented. Since external pressure may thus determine 
both the shape and the appearance of these post-mortem stains, 
it should he borne in mind that, if the body be closely wrapped 
in a sheet, the stains or lividities may in consequence be dis- 
posed in the form of a number of stripes over the siuiace of 
the body ; this is due to the congestion of the capillai-ies taking 
place in the interstices of the folds, while the parts pressed 
remain white. In this way, an appearance may be given to 
the body, such as to lead one to suppose that the pei-son must 
inevitably have been flogged dui'ing life, or a line round the 
neck, having the appearance of the mark of a cord, may be 
produced in a similar manner. A tight collar or neckerchief 
may act in this way, producing a mark round or partly round 
tho neck, that may have the appearance of the mark left by a 
coi'd after death by strangulation. 

The production of post-mortem stains in the internal organs 
should he carefully remembered, as the simple effects of gravi- 
tation can produce a Uvid or red appearance of tho dejwind* 
portions of the stomach and intestines. This staining or hypO' 
stasis has been especially noticed in the small intestines, particit- 
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larly in those portions found in the cavity of the pelvis. This 
cadaveric congestion or hypostasis has been long known to exist 
in the lungs, w^here it affects, as a rule, the posterior fourth of 
each lung, and, consequently, there is a risk of attributing such 
a condition of the lungs to pathological causes. A similar 
cadaveric congestion of the stomach and intestines has not 
perhaps attracted such attention as the subject deser\'es, resem- 
bling as it does to some extent the effect produced by irritant 
poison. Such a mistake may be avoided by noting the absence 
of inflammatory exudation, and the fact that, on stretching out 
the opened intestines, the discolouration will be found absent in 
the divisions or folds lying between the discoloured portions. 
If the body has been lying on its back, the posterior halves of 
the kidneys are usually gorged with blood ; the veins of the pia 
mater at the posterior part, the lateral and occipital sinuses, 
and the veins in the pia of the cord, are often found filled with 
blood. 

The great importance of distinguishing these port-mortem 
stains from bruises inflicted during life is obvious. In the 
following table the distinguishing characters are given : — 

Bistinction of Bruises from Post-mortem Stains 



Anatomical 
seat 



Bnuies prodaced during life 



Effusion of blood from ruptured 
vessels into the subcutaneous 
tissues and true skin 



Post-mortem stains 



Congestion of the 
capillaries of the 
rete mucosum 
above the papillsB 



Position The seat of the injury 



Appearance 



Frequently have the shape of the 
instrument that inflicted the in- 
jury. The colour is not gene- 
rally uniform, and the bruise is 
usually elevated 



The dependent parts 
of the body not 
actually subjected 
to pressure 



Irregular in shape, 
but with well-defi- 
ned edges. The co- 
lour is uniformly 
purplish, and the 
b'tain is not ele- 
vated 
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Bistiiiction of Bruises from Post-mortem Stains — continued 



ReflQlts of 
ineiiion 



Clianges by 
time 



Bmiies prodaeed during life | PoBt-mortem stains 



Effused blood, either in a clotted No effusion of blood 
or fluid condition, is found I is found 



Zones of colour form around the 
edge, the centre always being 
the darkest. The colours are 
purple, violet, green, yellow, and 
lemon ; they are dependent on 
the different degrees of oxidation 
of the effused blood 



No zones of colour 
around the edge. 
The purplish co- 
lour of the stain 
remains constant 
until putrefaction 
sets in 
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CHAPTER IV 

Phenomena of putrefaction— Oases of putrefaction— Conditions affecting 
the production and rapidity of putrefaction— Mummification— Adipocere 
— Order in which putrefactive changes occur. 

Putrefaction and Putrefactive Phenomena 

In the term putrefaction a large number of chemical changes 
are included, which take place in all animal matter, as a result 
of the action of certain bacteria or micro-organisms. During 
the production of these changes offensive gases are evolvecL 
The ultimate effect of putrefaction is the conversion of the 
complex organic compounds of the body into simple inorganic 
compounds, which are chiefly water, ammonia, and carbon 
dioxide. Putrefaction commences after the cessation of rigor 
mortis, and generally about the third day after death, when the 
limbs and trunk become soft and pliant, and yield a faint odour. 
The skin of the centre of the abdomen then assumes a pale 
green colour, w^hich gradually deepens, and afterwards a similar 
discolouration slowly makes its appearance in other parts of the 
body. The order in which the colour-changes of putrefaction 
affect the various parts of the body is of medico-legal importance. 
The first putrefactive colour-change in bodies exposed to the 
air occurs, as previously stated, in the skin of the centre of the 
abdomen, and gradually spreads over the abdominal surface. 
A similar discolouration next appears on the siniace of the 
chest, and then successively on the face, neck, legs, and lastly 
on the arras. 

These colour-changes are due to an alteration in the colour- 
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PUTREFACTION 

ing matter of the blood iliat has infiltrated the skhi and tissues, 
and are produced by the decomposition of htemoglobin, as a 
result of the action of sulphuretted hydrogen and other gaseous 
products of putrefaction. The altered colouring matter per- 
meates the tissues and colours them accordingly, and the dis- 
tribution of the veins may he traced as dark lines. Putrefactive 
colour- changes make their appearance internally as well as ex- 
teruall)'. The signs of internal putrefaction first appear on 
the mucous membrane of the larynx and trachea. 

Ouea of patrefaction. —The gases produced by putrefactive 
changes are ammonia, sulphuretted hydrogen, methane or 
marsh gas, carbon dioxide, carbon monoxide, nitrogen, and 
phosphoretted hydrogen. Other gases or vapours are evolved, 
of the composition of which little is known at present, and to 
which the disgusting smells connected with the putrefaction of 
the body are doubtless mairUy due. Rome of these bad- 
smelling vapours are probably volatile ptomaines or animal 
alkaloids. 

DiBteaiicn of the body as the result of patrefaction.— From 
the development of gases of putrefaction and the resulting 
distension, the body swells and acquires a bloated appearance. 
This swelling takes place in all parts of the body, but since the 
gases of putrefaction meet with greater resistance to their escape 
in the tissues of the face, the effects of distension are especially 
noticeable there. In consequence of this the features become 
generally swollen, one or both eyes may l>e protruded, and the 
tongue forced out between the lips, while gaseous and frothy fluid 
mayescapein bubbles from the mouth and nostrils. Protrusion of 
the eyes, as a result of putrefaction, should be carefully remem- 
bered, as such a condition has iyeen wrongly denied by medical 
witnesses. It is true that, as previously described, the eyes of 
the dead become collapsed shortly after death, owing to the 
absorption of the aqueous humoiu' ; hut as soon as the gases 
developed within the head are sufl3cieiit in quantity to force 
ibem forward, the eyeballs become more or less prominent. 
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This prominence of the eyes commences as a role on the fourth 
to the eighth day after death. The extrusion of the tongue is 
partly due to swelling caused by the blood driven to the head, 
and partly to the development of gases in the tissues of the 
tongue. On account of its inability to be pushed backwards, 
it is pushed forwards as it enlarges, and also (should the head 
lie in a dependent position; it may fall forward, so that from 
these two causes it may be found hanging out of the mouth 
after death. The medico-legal importance of this fact is, 
that the extrusion of the tongue and the prominence of the 
eyeballs have been wTongly considered at times by medical 
men as indicative only of death by strangulation ; whereas, as 
just explained, these two phenomena may be the result of 
putrefaction alone. For the distinction of these conditions, see 
the chapter on Strangulation (vol. ii. p. 138). 

As a result of the development of the gases of putrefaction, 
the IkxIv increases in size, and, in the cases of the bodies of 
children, this distension causes them to look considerably older 
than they really are. This is a matter of extreme importance, 
and should l>e carefully borne in mind when the precise age of 
an infant is in question. In a supposed case of infanticide, it 
has actually occurred in connection with the putrefied body of 
a still-born child, that, owing to the free development of gases, 
it has been mistaken for the body of a child a year old. 

Tlie gases of putrefaction accumulate under considerable 
pressure, and consequently various pressure effects may be 
j)roduced. It is the pressure of the gases of putrefaction within 
tlie alimentary tract which accounts for the occasional escape 
of alimentary and faecal matters from the outlets, phenomena 
whicli ai'ii apt to be regarded as vital ones by the uninitiated, 
and, cons(!quently, are apt to cause alarm. On rare occasions, 
wlu^n woni(;n have died during lalx)ur and undelivered, the 
gast^s of putrefaction have accumulated with sufficient force to 
expel the contents of the uterus. This occuiTence is known as 
post-mortem parturition. Aveling^ considers that this phe* 

* Tranz, Obstet, Soc, Lond,^ vol. xiv. 
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nomenoD may occasionally be due to expulsion of the uterine 
contents by the contracting power of tlie uteruB persisting after 
the death of the rest of the botly ; he has recorded the occuirence 
of forty-foui- such cases, of thirty of which souie particulars are 
given. Green ' records the case of a pregnant woman at full 
time who died from puerperal convulsions. The hody was laid 
out, about two hours after death, by two women, and at that 
time there was no birth, nor any signs of an impending birth, 
I'iftj'-tliree hours after death, when a post-mortem exiimination 
was about to he commenced, the dead body of a full-term child 
was found between the thighs of the mother. The uterus was 
inverted, and the fundus protruded from (he vulva, having the 
placenta still attached to it ; the perineum was ruptured to a 
considerable extent. Putrefactive changes were very advanced, 
the features were unrecognisable, and the aMomen was enor- 
mously distended with gases. On attempting to return the 
inverted uterus, it was immediately forced hack again. On 
cutting into the abdomen, gas escaped with great force. It is 
quite probable that gaseous distension is the usual cause of the 
occasional movements of a corpse, such as its turning on the 
side after it has lieen laid in the coffin. Although the power of 
the gases generated by putrefaction may be veiy great, yet, on 
account of the elasticity of the tissues, it is seldom that a body 
hursts. 

Blood displacaments due to putrefaction.- - Various blood 
displacements nuiy be produced as the result of pressure exerted 
by tlic generation of tlie gases of putrefaction. In this way the 
occurrence of what is known as post-mortem hsemorrhagc is 
explained. Post-mortem htemorrhage may occm- previous to 
the commencement of putrefaction if an open wound be present 
on the body ; it is then simply due to the liquid blood oozing 
from the wound, and afterwards coagulating. It may, and more 
frequently does, occur after the development of putrefaction, 
from the pressure of the gases, produced within the heart and 
blood-vessels, forcing the blood out of any wound that wati made 
' 37w hancel, 1895. 
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before death. In this simple way is explained * bleeding after 
death.' This post-mortem haemorrhage would be facilitated by 
pressure, and hence arose the ancient but erroneous test of guilt 
— the touch of the murderer. 

It should be borne in mind that occasionally the eflfects 
produced by blood displacement have caused considerable 
alarm, owing to the pallid face of a corpse suddenly becoming 
red and rosy. Taylor and Stevenson mention a case in which 
the face, three days after death, suddenly became red and suf- 
fused. This colour, however, disappears, and the original pallor 
quickly returns when exit is given to the gases confined within 
the thoracic and abdominal cavities. 

During the putrefactive changes in the dead body, various 
discolourations take place in the mucous membrane of the 
stomach and intestines, which frequently closely simulate the 
effects of disease or poison. The mucous membrane may be 
tinted from a reddish-brown to a livid purple or even black 
colour. There are no invariable rules by which such putrefac- 
tive colour-changes can always be distinguished from those 
produced by disease or poison, but the two following obser\-a- 
tions are of great assistance in the discnmination of the redness 
that has taken place during life : (i) when the redness is seen 
soon after death; and (ii) when it is met with in parts not 
dependent. 

Conditions requisite for the Establishment 

OF Putrefaction 

The primary conditions which are indispensable for the 
establishment of putrefaction in the dead body are : — 

(i) A certain temperature, (ii) The presence of moisture, 
(iii) Access of air, which also means access of micro-organisms, 
such as the bacterium terino, which is a generic name for the 
micro-organisms of putrefaction and other allied bacteria, which 
doubtless are the active agents in determining the production 
of putrefactive changes. 
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In expressing an opinion as to the time at which death has 
taken place, the opinion being based upon a consideration of 
the putrefactive changes in the body, there is neccBaitj- for 
extreme caution and for h. most careful consideration of the 
various ci re luii stances and conditions wliicli in the particular 
case mity have either delayed or hastened putrefaction. There 
are many conditions which may greatly modify putrefaction, 
either hastening or delajing its advent. These conditions 
are the following :— 

I. Temperature. — Futrefactive chnnges are produced most 
rapidly in bodies exposed to a temperature of from 70° to 
100° P. (21" to 37° C.) ; whereas, on the other hand, putrefac- 
tion is wholly arrested at 32° P. (0° C). A remarkable instance 
of the preservative power of cold has l>een given by Erman, 
who states that the body of Prince Menscbikoff, a favourite 
of Peter the Great, exhumed after ninety-two years' burial 
in frozen soil in Siberia, had undergone hardly any change. 
Another wonderful instance of the preservative power of cold 
was shown in the discovery, in 1805, of the preserved body of 
an ancient elephant- the race of which was extinct before the 
historical period-in a mass of ice at the mouth of the river 
Lena, in Siberia. 

As an instance of the way in which moderate warmth facili- 
tatefi putrefaction, Taylor ami Stevenson mention the case of a 
man who died in one of the wards of Guy's Hospital at night, and 
was not removed till nine hours and a half later, the tempera- 
ture of the ward being between 60° and 65' F, When removed 
putrefaction had already commenced, and sixteen houra after 
death tlie condition was that wliich is generally assigned lo 
dead bodies at a i)eriod of from sis to twelve days after death. 
It is not uncommon for one day's exposure of a body in 
summer to effect a gi-eater alteration than a week's exposure in 
winter, A warm room very materially promotes decomposition. 
Bodies buried in hot sand do not putrefy, but become mummi- 
fied, so that it is only when warmth is associated witli air and 
moisture that putrefaction is liasteuod. 
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II. Hoisture. — Moisture accelerates putrefactive changes, in 
that it more effectually promotes contact between the air and 
the tissues. Putrefaction is also hastened if an excess of 
moisture be present in the tissues as the result of disease, such as 
dropsy. The viscera and tissues decompose at different times 
after death, according to the amount of moisture they contain ; 
for instance, the brain putrefies rapidly, whilst the bones and 
nails decompose slowly. If there be sufficient water to allow of 
the entire submersion of the body, then putrefaction will be 
retarded on account of the prevention of access of air. 

III. ilccess of air. — Air promotes putrefaction, partly by 
means of the oxygen contained in it, and partly because it acts 
as a carrier to the body of micro-organisms and bacteria, which 
produce, at all events, some of the chemical changes resulting 
in putrefaction. The body putrefies more rapidly if exposed to 
the air than if covered by water or if buried in the earth. 
Casper gives the following time-ratio of putrefaction in air, 
water, and earth. Given similar temperatures in the three 
cases, one week's exposure to air will correspond to two weeks' 
submersion in water, and to eight weeks' burial in the earth in 
the usual manner. 

A naked body putrefies more rapidly than a clothed one, 
and decomposition is less rapid in those parts where the clothes 
fit tightly. Putrefaction is retarded by the prevention of access 
of air to the body, such as by enclosure in a leaden coffin. 
The effects of an entire exclusion of air in retarding the process 
of decomposition in a human body are shown in the burial of 
royal personages in leaden coffins, hermetically sealed, and after- 
wards enclosed in marble sarcophagi. When these have been 
opened, hundi'eds of years subsequently, the remains have been 
found in a remarkable state of preservation. 

The condition of the air with respect to moisture and 
temperature will also have considerable influence on putrefac- 
tive changes. Moist and stagnant air promotes putrefaction, 
and moist, hot, stagnant air causes rapid putrefaction. Dry 
air retards putrefaction ; air in motion also retards putrefaction. 
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A dry, cold air in rapid moti6n considerably retards putrefac- 
tion ; and a dry, hot air in rapid motion also retards putrefac- 
tion, though not to the same extent as a cold air. 

IV. Age. — The bodies of infants putrefy more quickly than 
those of adults, whereas the bodies of spare and old people 
putrefy slowly. 

V. Corpulence. — Fat and flabby bodies putrefy more rapidly 
than lean bodies. 

VI. Mode of death. — After death from exhausting diseases, 
such as typhoid fever, dropsy, and from septic diseases, such as 
pyaemia and septicaemia, putrefaction sets in, as a rule, early. 
After death from lightning and from asphyxia, early putrefac- 
tion generally takes place. Certain poisons, when they are 
actually the cause of death, may delay putrefaction, such as 
arsenic, chloride of zinc, and sulphuric acid ; whereas, in cases 
of death from hydrocyanic acid and narcotic poisons, putre- 
faction is generally hastened. At the same time, it should be 
understood that the preservative property of a body like arsenic 
is not manifested in all cases of arsenical poisoning, so that it 
w^ould be wrong to infer that a person has not died from the 
efifects of arsenical poisoning because the viscera have under- 
gone considerable putrefactive change in a given time. 

VII. Bmiset, wounds, *c.— Those parts affected by bruises, 
wounds, or extravasations of blood or serum, pass rapidly into a 
state of putrefaction. The fact of speedy decomposition setting 
in in parts so affected shoidd be borne in mind, as otherwise; 
it would be possible to make the mistake of considering that 
bruises, woimds, Ac, w^hen seen on a putrefied corpv;, w#;nj 
considerably more aggravated in extent than was actually tb/; 
case. 

Internal Putbefactivk Cha.^oeh 

The internal organs undergo putrefa/rtion ;/i 4i x/,////; ^/r U-t/k 
definite order ; the sequence; of ihh purrt:iA/^.\*', cf^^.y/A ./. '#>//r 
is partly due to the auiouijt ol m^Anw^th |//';){^;i«t, Mi^t 
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to the facility of access of air. Casper has formulated the order 
of internal putrefactive changes as follows : — 

Organs that putrefy rapidly, placed in order 

1. Larynx and trachea 5. Spleen 

2. Brain of infant 6. Omentum and mesentery 

3. Stomach 7. Liver 

4. Intestines 8. Adult brain 

Organs that putrefy slowly, placed in order 

1. Heart 5. (Esophagus 

2. Lungs 6. Pancreas 

3. Kidneys 7. Diaphragm 

4. Bladder 8. Blood-vessels 

9. Uterus 

The influence of a moderately high temperature, and the 
stagnant atmosphere of a close room, in promoting rapid putre- 
factive changes in the dead body, should be borne in mind. 
The medico-legal importance of this will be made clear by the 
accounts of the following two cases which have been abstracted 
from Taylor and Stevenson's work on 'Medical Jurispru- 
dence.' 

At the trial of Mrs. Byrne in DubUn, in 1842, it was proved 
in evidence that the prisoner and her husband had retired to 
their bedroom, and about four days after the deceased had 
been last seen ahve, and eight days after they had been in the 
room, the body of the husband was found dead on the bed. The 
wife, who had been all the time in the room, professed not to 
know that her husband was dead. The condition of the body 
was as follows : — The face and neck were black, the right eye 
protruded, the tongue projected about half an inch between the 
teeth, the ears were black, the lips swollen, and the fingers 
contracted. There was frothy liquid issuing from the mouth 
and nostrils, and living maggots were seen in those parts, and 
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the whole of the body was greatly swollen and discoloured. 
The body was found in this condition on July 9th. According to 
a statement made by the prisoner, the deceased died on July 8th, 
but she subsequently altered this statement and said that he 
died on the 9th, the day on which the body was discovered. 
From the state of decomposition of the body, two medical 
witnesses for the prosecution assigned a period of at least four 
or five days during which deceased must have been dead. On 
the other hand, a medical witness, called for the defence, 
deposed that he had seen a body as much decomposed twenty- 
four hours after death, and Geoheghan stated his behef that 
such changes might take place in from twenty-eight to thirty 
hoiurs. Considering that the body was shut up in a close 
room at the hottest period of the year, and under conditions, 
therefore, most favourable to the acceleration of putrefaction, it 
is quite possible that the changes described took place within 
twenty hours of the time at which the body was discovered, 
although it must be admitted that this was an exceptional case 
of rapid decomposition. 

At another trial, which took place in Ireland in 1863, some- 
what similar questions were raised as to the early advent of 
putrefactive changes. On this occasion, the body of a woman 
was found dead in a room in an advanced state of putrefaction. 
The deceased and her lover— a soldier— had retired to a bed- 
room three days before the discovery of the woman's body, 
and had kept themselves there secluded. The medical evidence 
showed that when the deceased was first discovered on 
November 6th she was lying on her back in bed, the body being 
covered with clothes, the head and neck only being exposed, 
and there was a pillow lying loosely over the face ; the upper 
part of the body was very much decomposed, and the skin of 
the face was so black that the features could not be recognised ; 
the tongue was protruded and swollen ; the lips were everted 
and blown up with gas ; gases escaped from between the tongue 
and lips with a slight hissing noise ; the abdomen was enor- 
mously distended with gas, and, at the lower part, was much 
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discoloured. On opening the abdominal cavity, the liver was 
found in a putrefied state. The body was found in this con- 
dition about sixty hours after the woman was last seen living. 
Considering that the weather was close and damp, and the 
body was shut up in a small room, there was ample time for 
the putrefactive changes described to have taken place, although 
such a degree of putrefaction is rarely seen until after the lapse 
of three or four days in warm damp weather. 

On the other hand, the signs of putrefaction may be con- 
siderably delayed in cold weather. In 1824, a man named 
Desha was charged with the murder of Francis Baker. The 
deceased was last seen with the prisoner on November 2nd, and 
on November 8th, six days later, the body of the deceased was 
found, in a sheltered hollow, with the throat cut, and with 
wounds on the head and chest. From the nature of the wounds 
there was no doubt that the deceased had been murdered. The 
important medical point raised was whether the condition of 
the body was consistent with a suggestion of violent death, 
caused six days previously. When discovered, the body had 
undergone so little change that it was considered that the 
deceased must have been alive some days after the prisoner 
had been last seen in his company. The body, when first 
discovered, was a little stifif, and there was no sign of putre- 
faction about it; two days after its discovery, during which 
period it had been placed in a warm room, putrefaction set in. 
The fact of the body remaining in a sheltered spot during the 
month of November, without undergoing the usual changes of 
putrefaction, is quite consistent with death having occuiTed six 
days previously. 

Accelerators of pntrefactioii.^The attempt occasionally 
made on the part of a murderer to accelerate the putrefaction 
of the body of the victim, by burying it in some supposed 
accelerator of putrefaction, generally fails. Lime, chloride of 
lime, sulphm-ic acid and lime together, have been employed, 
and the general result has been that either access of air to the 
body has been partially prevented, or the substance used has 
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exei'Led a disinfecting nction, and so the result has been rather 
to pi'esen-e the liody than to accelerate its putrefaction. 

Pl'TBEFACTION IN EaBTH 

It is impossible to give any certain opinion as to the length 
of time Chat a body has been buried in the earth. The reason 
is, that many conditions maj' modify the progress of putrefac- 
tion after burial, such as the character of the coffin and soil, the 
depth of the grave, the time that has elapsed before burial, and 
the cause of death \ in addition, diETerent bodies undergo putre- 
factive changes with very different degrees of rapidity, even 
when they have been under similar conditions. For instance, 
three bodies were buried at the same time, side by side, wrapped 
in cloth of the same texture, and in coffins of the same kind of 
wood. In connection with one of these bodies, it was found, at 
the end of nine months, that the abdominal walls hod quite 
disappeared ; in another, the disappearance of the abdominal 
walls did not take place until an interval of thirteen months from 
the time of burial ; in the third one, at the end of twenty-three 
months the abdominal walls were almost entire. The usual 
period for the destruction of the soft parts, when bodies are 
buried in thin wooden coffins, may be taken at about ton years. 
Children's bones decay more rapidly than those of adults. The 
most indestructible parts of the body are the teeth, bones, and 
hair ; these may be found in perfect preservation, after many 
years' burial, and may be of importance in throwing light on 
the age, sex, and identity of a person. It is occasionally the 
duty of a medical man to make a post-mortem examination on 
a putrid and offensive body, and this duty must not be shirked. 
In cases of suspected poisoning, no disinfectant should be added 
to the iKjdy previous to the performance of the post-mortem 
examination ; but if the body ia in so offensive a condition that 
a proper examination of it is almost impossible without 
previously rendering it less offensive, then the following mix- 
ture, recommended by Richardson, ns.'iy be poured or sprayed 
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over the corpse, as it is obviously better, if any disinfectant be 
used, that its exact chemical composition should be known : — 

Iodine •••••• 1 drachm. 

Salphorio acid ^ oz. 

Absolate alcohol • . • • 1 oz. 

Ether 10 oz. 

This ethereal solution sinks quickly into the tissues of the 
corpse, the iodine acting as a deodoriser and antiseptic, while 
the sulphuric acid neutraUses and fixes the alkaUne products of 
decomposition. 

Mummification 

This change occurs under certain conditions in bodies, and 
consists in the evaporation of water from the soft parts, with 
the consequent conversion of the body into a brown, dry mass ; 
to this desiccation of the soft parts of the body the term * mummi- 
fication ' is appHed. For its production a dry, warm air, with 
protection from moistiu-e, is requisite ; as, for example, when 
bodies are buried in hot, dry sand. The time required for the 
production of mummification varies with the conditix)ns, but it 
has occurred in three months. 

Adipocere 

This substance derives its name from adeps, lard, and cera, 
wax, as it is a body intermediate in consistency between lard 
and wax. It is an impure ammoniacal soap, and consists of 
compounds of ammonia, with the following fatty acids : — 
oleic, stearic, and palmitic. During the putrefactive changes 
that occur in a corpse, the nitrogen of the nitrogenous bodies 
is largely converted into ammonia, which produces saponi- 
fication of the fats of the body. Human fat is a mixture of 
olein, stearin, and palmitin ; that is, a mixture of glycer}4 
oleate, glyceryl stearate, and glycerj'l palmitate. When acted 
on by ammonia, saponification takes place, resulting in the 
formation of ammonium oleate, stearate, and palmitate, and 
glycerine. The mixture of these three ammonium soaps, in an 
impure state, constitutes adipocere. 
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If the corpse has lain in river water for a considerable period 
of time, or in a grave traversed by springs of water which are 
able to gain access to the body, then the adipocere found may 
be a lime soap ; that is, a mixture of oleate, stearate, and palmi- 
tate of Hme. This is due to the soluble lime-salts contained in the 
river or spring water decomposing the ammonium soaps,and con- 
verting them into hme soaps by substitution of Hme for ammonia. 

Conditions affecting^ the prodnction of adipocere.— The parts 
first to undergo this change are those where fat is abundant, 
viz. the breasts, buttocks, and kidneys. The muscles may 
become converted into adipocere at later periods ; the muscular 
tissue probably undergoes a fatty degeneration, which is followed 
by saponification of the fatty matters so produced. Adipocere 
is more rapidly formed in the bodies of children and young 
people than in those of adults ; it is more rapidly formed in 
fat than in lean bodies. Its formation is favoured by com- 
plete immersion of the body in running water, and also by 
burial in a soil rich in ammonia and other putrefactive products, 
such as by burial in cesspool soil, or in a very crowded gi-ave- 
yard. Interment in deep graves also favours the formation of 
adipocere ; no doubt from the body coming into contact with 
excess of moisture. If a body be buried either in sand or 
gravel, adipocere is rarely met with. 

As regards the time required for its production, adipocere is 
not formed, to any considerable extent, under about three 
months' immersion in water (although traces have been found 
in from four to five weeks) or from six to twelve months' burial. 
If, however, the surrounding conditions are favourable to the 
development of ammonia, then the formation of adipocere may 
take place within a much shorter period. For instance, the 
body of a new-bom child which had been thrown into the 
soil of a privy was found entirely saponified in six weeks' 
time. In hot cHmates the process may be extremely rapid. 
The following cases, reported by Mackenzie as occurring in 
Calcutta, are quoted by Dixon Mann.^ (1) A male Hindoo 

^ Forensic Med. and Toxicol,, 1893. 
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was killed by the kick of a horse, and was buried the following 
day. Four days after burial the body was exhumed in order 
that an inquest might be held. It was in an advanced state 
of saponification externally, the heart and Hver being also 
saponified. (2) A young Chinese woman, alleged to have died 
in child-birth, was buried; circumstances necessitated an 
inquest, and the body was exhumed seventy-six hours after 
interment, when it was found to be considerably saponified. 
These bodies were buried in a soft, porous soil, saturated with 
moisture, the temperature being high ; the body last mentioned 
was enclosed in a wooden coffin. (3) Another case was that 
of a European sailor, who fell into the river Hooghly and was 
drowned ; the body was recovered eight days and ten hours later. 
The external parts, the heart, liver, spleen, kidneys, stomach, 
intestines, and bladder, were saponified. (4) Another young 
European was drowned in the same river, his body being 
recovered seven days after. It was in an advanced state of 
saponification externally, and the lungs, heart, liver, kidneys, 
stomach, and intestines were also saponified ; and what is very 
curious was, that the stomach contained undigested food — flesh 
and potatoes — of which the flesh was entirely saponified, the 
potatoes not being altered in the least. Other instances of 
early formation of adipocere are recorded as having occurred 
in India. In one case the body was saponified externally and 
internally in two days. 

Order in which the external Phenomena of Putrefaction 
OCCUR in Bodies exposed to the Air or Buried 

From the description given in the previous part of this work, 
it has been made evident that the commencement of putre- 
faction may vary within the widest possible time-Umits, 
according to the surrounding conditions. Moreover, variations 
in the degree of putrefaction, in the order of the putrefactive 
changes, and in the time taken by them, are very common, 
even when bodies are subjected to the same conditions. 
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Casper ' mentions the case of two people, husband and wife, 
who were suffocated at the same time by carbonic oxide, and 
whose bodies were examined on the fourth day after death. 
The body of the man (who was thin) was putrid, whilst 
that of his wife (who was stout) was quite fresh. In addition, 
the time of the year, i.e. the temperature, may either consider- 
ably hasten the advent of the putrefactive processes or suspend 
it beyond the average period. It is therefore very important 
to remember that the following rules, laid down by Casper, 
should be regarded as average results only. 



Appearance and condition of the dead body 



Light green colour about centre of abdomen ; 
eyeballs soft and yielding to external pressure 



Green colour of abdomen intensified and spread- 
ing all over the body 



Colour more intense. Face and neck reddish 
green. Kamifications of the subcutaneous 
veins very apparent. Gases beginning to dis- 
tend the abdomen. CJornea fallen in and con- 
cave. Nails remaining firm 

Colour dark-green, with brownish-red or brown- 
ish-black patches. Body bloated and appear- 
ing big from general development of gases. 
Features swollen, so as to render identification 
doubtful. Epidermis peeling off in patches 
and raised in blisters. Nails separate easily. 
Hair loose 

Thorax and abdomen given way. Sutures of the 
skull given way from development of gases 
within. Viscera pulpy or melting away. 
Bones of extremities separated at joints 



The inference is that 
deiith Itas occurred : 



1 to 3 days 



3 to 5 days 



8 to 10 days 



14 to 21 days 



4 to C months 



The infantile brain putrefies earlier than that of the adult 
on account of the absence of bony union of the skull-bones of 
the infant, which permits easy access of air to an organ prone to 

' Forensic Med.., vol. i. 
VOL. I. F 
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early decomposition. The order in which the various viscera 
putrefy is given on p. 58, from which it is seen that some 
organs putrefy relatively very late to others. For instance, the 
heart is found fairly fresh when putrefaction has already con- 
siderably advanced in the stomach and liver, and several 
months may be required to produce in the heart an equal 
degree of decomposition. The lungs generally show putrefactive 
changes about the same time as the heart. When the external 
signs of putrefaction are well advanced, the lungs may be found 
in good condition. Of all the soft organs of the body, the one 
which resists putrefaction the longest is the uterus, so that, 
even if the external parts of the body are destroyed by putre- 
factive changes, the sex of the corpse may be determined, as 
well as the occurrence, or not, of pregnancy or of recent 
dehvery. It is especially in cases of alleged infanticide that 
a medical opinion is frequently required as to the probable 
date of the death of the child, and the question may be put 
to a medical witness, as to whether the condition of the 
body is consistent with the delivery of an accused woman 
at a particular period of time. It should be borne in mind 
that putrefaction, unless advanced to the final stage, does 
not entirely destroy marks of \nolence that has been attended 
bj'' physical injury to parts, such as laceration of the skin, 
laceration of the muscles, and fracture of the trachea or larynx. 
In such cases, in spite of the decomposition that may exist in 
parts, a safe medical opinion can generally be formed. 

With regard to the question as to whether putrefaction may 
commence in the body before death, partial putrefaction un- 
doubtedly may, as gangrene is such a condition, but general 
putrefaction never can occur before death. 

PUTBEFACTION IN WaTER 

The process here takes place more slowly than in air, 
partly owing to the lower temperature, and partly to the 
prevention of free access of air. 
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When the colour-changes of putrefaction take place in 
bodies which have been immersed in water, the various parts 
are affected in a different order to that which takes place' when 
putrefaction occurs in air. The discolouration commences in 
the face and neck, and then spreads successively over the 
shoulders, arms, chest, abdomen, and legs. This order is 
different to that which occurs when putrefaction takes place in 
the air, as will be seen by contrasting the two following lists : 



Patrefaction In water : order of colour- Putrefaction in air : orler of c<>lour- 

changes in various parts of the bo^Iy cbaugc^ in various parts of the body 



1. Face and neck 

2. Shoulders 
8. Arms 

4. Chest 

5. Abdomen 

6. Legs 



1. 


Abdomen 


2. 


Chest 


3. 


Face 


4. 


Legs 


5. 


Shoulders 


6. 


Arms 



As gaseous putrefaction takes place in bodies immersed 
in water, the abdomen, the chest, and subcutaneous tissues 
become distended, and consequently the buoyancy of the body 
is increased, so that a time is at last reached when it will rise 
to the surface. To effect this, only a very slight expansion of 
the cavity of the abdomen is required, as the human body is 
only slightly heavier than an equal bulk of water. The position 
in which the human body floats is with either the abdomen or 
back hfted above the water, whilst the head and exti*emities are 
somewhat dependent below the water-level. In the case of 
females, it is invariablv the abdomen that is lifted out of the 
water on account of the adipose tissue of the breast and 
abdomen. The period of time requisite for a body to rise to 
the surface varies, but it usually happens from the third to tlie 
eighth day after death from submersion. After the body has 
risen, the gases may be liberated and the body will then sink ; 
gases may be again generated witliin the body, and it will again 
rise. For the data for determining the period at which death 
occurred in the drowned, see ii. p. 124. 

r2 
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It should be borne in mind that the dead body, when 
undergoing incipient decomposition, may become luminous or 
phosphorescent in the dark, just as dead fish may frequently 
exhibit such a phenomenon. This occasional phosphorescence 
accounts for many superstitions that formerly existed. Very 
occasionally it has been observed that the countenance of a 
dying person may also become luminous or phosphorescent in 
the dark, but this has only been very exceptionally observed, 
and then only in advanced cases of phthisis. 
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CHAPTER V 

CaoBes of death — Common causes of sudden death — The modes of death — 

Syncope— Asphyxia— Ck)ma. 

Previous to the discussion of the various modes of death, it 
is advisable to refer to the common causes of sudcle?i death. 
Sudden death may proceed from natural or violent causes, but 
putting on one side, for the present, death from violence and 
poisoning, the following are the common causes of sudden 
death. 

Common Causes of Sudden Death 

I. Heart disease ; especially in connection with aortic 
regurgitation, fatty heart, and rupture of the heart. 

II. Diseases of blood-vessels ; aneurism, thrombosis, em- 
bolism. 

III. Cerebral apoplexy, or rupture of a blood-vessel on the 
surface of, or within, the brain. 

IV. Pulmonary apoplexy, or rupture of a blood-vessel within 
the lungs. 

V. Perforation of the stomach or intestines by ulcers, with 
consequent escape of food into the peritoneal cavity. 

VI. The sudden escape of blood into the peritoneal cavity, 
from disease of the uterus, rupture of the uterus, &c, 

VII. Bupture of the bladder or other abdominal viscus, 

VIII. Sfiock from di*inking large quantities of cold water 
when heated. 

IX. Mental emotions, such as the sudden receipt of bad 
news, or violent fright causing sudden death. 
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X. Foreign bodies blocking the pharynx and causing ob- 
struction of the glottis. 

Templeman * describes two rare cases of sudden death. One 
occurred in a man, aged forty-three, from emotional inhibition 
of the heart ; the heart was arrested in diastole, and there was 
entire absence of any pathological condition in any part of the 
body to account for death. The man had been in a condition 
of great excitement and passion a few minutes before death. 
The other case was that of a woman w^ho died three or four 
minutes after receiving a severe blow on the pit of the stomach ; 
the blow neither produced bruising nor rupture of any of the 
viscera ; death was due to syncope, which was probably caused 
by an inhibitory influence on the splanchnics producing a 
sudden dilatation of the abdominal vessels, and consequently 
causing the withdraw^al of such a large quantity of blood from 
the general circulation as to induce sudden anaemia of the central 
nervous system. 

Among children the most frequent cause of sudden death 
is some form of laryngeal obstruction, generally laryngismus 
stridulus ; another is the acute stage of pneumonia, in which 
they sometimes die suddenly, even with the disease unsus- 
pected ; these cases, according to Ogston, form a large pro- 
portion of the cases of death attributed to overlaying. Another 
cause is incomplete expansion of the lungs, children in this 
condition often dying suddenly a week or so after birth. 



The Modes of Death 

The continuance of life depends upon the proper action of 
the heart, lungs, and brain. When the stoppage of the heart's 
action is the primary cause of the fatal event, death occurs 
from syncope. When the primary cause of death is from 
afifection of the lungs and interference with respiration, death 

' Edin. Med, Joiirn., 1893. 
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occurs from asphyxia. When the primary cause of death is 
disturbance of the functions of the brain, death occurs from 
coma. 

Tabular View op the Modes of Death 

(A) Syncope (death beginning at the heart). 

1. An<Bmia (want of blood, but no want of heart power). 

(a) Loss of blood from wounds. 
(6) Haemorrhages from the lungs, uterus, &c. 
(c) Extensive suppuration (indirect drain upon the 
blood). 

2. Asthenia (want of heart power, but not necessarily 

want of blood), 
(a) Starvation. 

(6) Exhausting diseases, such as phthisis, cancer, &c. 
(c) Poisons exerting a depressing action on the heart. 
{d) Some injuries, such as a severe blow on the 

epigastrium, 
(c) Severe brain lesions. 

(B) Asphyxia (death beginning at the lungs). 

1. Stoppage in action of the respiratonj muscles, 

(a) Exhaustion of the muscles from cold, &c. 

(6) Loss of nerve power from injury to the upper 

part of the spinal cord, 
(c) Mechanical pressure on the chest or abdomen. 
((l) Spasm from tetanus, strychnine poisoning, &c. 

2. Stoppage in action of Uic lungs. —From entrance of 

air into the pleural cavity through a wound. 

3. Prevention of escape of air from^ or of entry of air 

into, tfie lungs, 
(a) Foreign bodies in the mouth, laiynx, &c. 
(6) Submersion in water, 
(c) Suffocation, strangulation, hanging. 

4. Stoppage of blood supply to the lungs.—Yrom blocking 

of the pulmonary artery by a blood clot (embolism). 
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(G) Coma (death beginning at the brain). 

(a) Pressure on the brain or medulla from apoplexy 

or compression. 
(6) Blows on the head (concussion). 

(c) Narcotic poisons, such as opium, &c. 

(d) Certain mineral poisons. 

(e) Blocking of a main artery of the brain by a clot 

or embolus. 
(/) Certain kidney and hver diseases, such as uraemic 
poisoning, diabetic coma, &c. 

The following table contains the most important symptoms 
preceding these forms of death. The recognition of these 
symptoms will be of use to a medical man suddenly called in 
to a case, such as a case of poisoning, by giving an indication 
of the line of treatment to be adopted. 

Symptoms preceding the different Forms of Death 

(A) Syncope. 

1. Ancemia, 

1 1. Mortal paleness of cheek and lips. 

2. Cold sweats. 

3. Giddiness. 
,4. Slow, weak, and irregular pulse. 

Symptoms ^ ^ Insensibility towards the end. 

6. Dilated pupils. 

7. Convulsions generally supervene (from deficient 
supply of blood to the brain). 

2. AstJicnuj, 

1 1. Hands, feet, and surface cold. 

1 2. Fingers, lips, nose, and ears livid. 
Symptoms - 3. Pulse feeble and frequent. 

4. Senses and intellect clear and active to the 
last. 
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(B) Aiphjzia. 

1. Intense struggling for breath. 

2. Giddiness. 

3. Loss of consciousness. 

4. Relaxation of sphincters. 

5. General convulsions. 



Symptoms - 



(G) Coma. 

|1. Stupor. 
Symptoms -{ 2. Loss of sensibility and consciousness. 

13. Breathing slow, irregular, and stertorous. 
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CHAPTER VI 

Personal identity —Identity of the living or recently dead— Identity of muti- 
lated remains— Identity of entire or incomplete skeletons— Distinotion 
of human bones from those of the lower animals — Determination of sex 
in skeletons —Determination of age in skeletons — Determination of 
stature. 

The question of personal identity may arise with regard to the 
living or the dead. Identity of the living may especially be re- 
quired in connection with accusations of murder, assault, rape, 
and also in connection with a claimant to an estate — as occurred 
in the celebrated Tichborne case. The subject will be discussed 
in the following order : — 

(1) Identity in the case of a living person ar of a body thai 
has been dead a short time only, 

(2) Identity in cases tvhere mutilated remains liavc been 
discovered. 

(3) Identity in cases xchere an entire or incomplete skeleton 
has been discovered, 

1. Identity in the case of a living person or of a body that 
has been dead a short time only. 

The attention of the medical man should be directed to the 
detection and elucidation of the following points. 

I. The ttfje of the person or of the body. 

II. The sex, 

III. The evidence of the occupation, judging mainly from 
the condition of the hands. 

IV. The complexion, 

V. The general type of face, 

VI. The teeth] the presence of false teeth should be care- 
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fully looked for, and also the presence or absence of individual 
teeth, as identity is frequently established by means of the 
teeth. If certain of the teeth are absent, examination should 
be made to see whether they have been removed recently or 
long before death. 

VII. The hair ; special examination should be made as to 
the colour, length, and texture of the hair, and also as to whether 
it has been dyed or bleached by some chemical agent. 

VIII. The naih, especially noticing their length and any 
peculiarities of growth. 

IX. The stature of the individual. 

X. Skin-viarks, and birth-inarks or mother s-marksy such as 
naBvi, moles, and tattoo-marks. 

XI. Scars and cicatrices of all kinds should be carefully 
searched for. Birth-marks, such as naevi and moles, may have 
been removed by operation, but they always leave some scar 
behind, indicating removal. Any scars left from bleeding or 
cupping operations, and from vaccination, should also be care- 
fully sought for. 

XII. Atiy deformities that may be present should be noted. 

XIII. Injuries^ such as the existence of old fractures, should 
be carefully sought for. An old fracture is recognised by the 
callus or deposit around the bone at the point of union, and so 
maybe readily distinguished from a fracture caused after death, 
such as by the spade of a digger. 

XIV. In the case of a female, the existence or not of 
pregnancy should be ascertained. 

XV. A careful description of the clothes and articles of 
jewellery found upon the body should be coiimiitted to writing. 

2. Identity in cases where mutilated remains have been 
disoovered. — This refers especially to those cases where the 
murderer divides the body of his victim into several parts, and 
distributes these in localities distant from each other, with the 
object of rendering identification diflicult, if not impossible. 
Provided, however, the different parts of the bodyaie recovered, 
and the soft parts still remain attached, there is, as a rule, verv 
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little difficulty in settling the question as to whether the various 
parts belong to the same body. 

The case of the woman Brown, murdered by Greenacre in 
1837, illustrates the ease w^th which the question just referred 
to may be settled, provided the different parts of the body are 
recovered. The following account of the case is taken from 
Taylor and Stevenson** The head, trunk, ancP limbs of the 
woman were scattered in widely distant parts of London. The 
limbs were not found until six weeks after the trunk, and then 
at a considerable distance, and under very different circum- 
stances. In the examination of the trunk it was observed that 
the fifth cervical vertebra had been sawn through, leaving only 
about one-tenth of an inch of that bone. When the head was 
found it was observed that the fifth cervical vertebra had also 
been sawn through, leaving only the posterior spinous process. 
On comparing the head with the trunk they fitted exactly, even 
to the continuation of a superficial cut on the skin. On after- 
wards comparing the trunk with the legs, it was ascertained 
that the cut surfaces exactly corresponded. The thigh bones, 
remaining attached to the trunk, had been sawn through about 
an inch below the trochanters to about one-half of their thick- 
ness and then broken off. When the limbs were discovered six 
weeks afterwards, the portions of thigh bones found exactly 
corresponded in the marks produced by the saw, and in the 
portions broken. Not only were the parts of the body thus 
proved to belong to one and the same woman, but the individual 
was further identified by the peculiarity of the absence of the 
uterus. 

The questions that require solution in connection with the 
identity of mutilated remains are : — (i) The sex of the deceased. 
(ii) The age. (iii) The stature, (iv) The presence of any 
physiological or pathological peculiarities, (v) The presence of 
wounds or viarks of violence that may have any bearing on the 
mode of production of death, (vi) The general condition of 
the remains ; ix. as to whether they may be parts of a dissected 

' Med, Jurispr.f vol. i. 
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body, or as 10 whether they have been submitted to any chemi- 
cal or other process for the purpose of preservation, (vii) The 
length of time that has probably elapsed since the death of the 
deceased person. 

The (ollowing case, that of Harriet Lane, murdered by 
Henry Wainwright, indicates the mode of procedure in the 
examination of mutilated remains. The account is abstracted 
from Taylor and Stevenson.' On September 7th, 1874, the 
deceased woman went to a house belonging to Wainwright 
Whitechapel Road and was never again seen aJive. A year 
later Wainwright desired to remove the body of the woman, 
hom he had miu-dered and buried, to another hiding-place, 
and a man employed by Wainwright was an-ested in the 
Borough having in his possession two packages containing 
human i-emains. On opening these, Larkin found one parcel 
to contain the trunk, and the other bundle to contain the two 
arms, two hands, two legs and feet connected, the two thighs 
with portions of the pelvis, and the head and neck. These 
parts were the remains of one human l>eing, about live feet 
high, about twenty-five years old, and of a thin habit, The 
parts were in a stinking and decomposed state, but owing to 
the use of chloride of lime, employed with the view of destroying 
the body, certain pai-ts had been well presened. The cause of 
death was obvious, as two bullets were found in the brain and 
a third in a hair-pad at the back of the head. The identifica- 
tion was based partly on medical facts, and partly on the 
discovery of certain articles of dress in the grave from which 
the body bad been removed. The direct proofs of identity 
were : - (i) The age. — The age of the deceased was twenty-four ; 
judging by the wisdom teeth, three of which had appeared, 
this con'espDuded with the age of the body, (ii) The stature. — 
It was inferred, but by no means proved, that the deceased was 
five feet and a quarter of an inch in height. The i*emains, 
when put together, represented a stature of four feet eleven 
and one-eighth inches. This makes about an inch difference, 
' SItd. JurUpr., vol. i. 
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which was accounted for by one medical witness as a result of 
the shrinking of the intervertebral substances, (iii) The colour 
of the hair. — This is stated to have been slightly different, but 
the difference was consistent with the hair of the remains 
having been buried for a year in the earth, and exposed to the 
action of chloride of lime, (iv) A scar, — Harriet Lane was 
known to have received a burn many years before, which had 
left a scar or cicatrix on the right leg below the knee. On 
removing the adipocere the scar was found in the part in- 
dicated by the father of the deceased woman. It was distinctly 
puckered, and presented all the usual marks of a scar produced 
by a burn from a red-hot poker, (v) The state of the uterus, — 
The missing woman had had two children by Wainwright, the 
last having been born about nine months previous to her dis- 
appearance. The medical witnesses for the Crown — Bond and 
Larkin — after examining the uterus, came to the conclusion that 
the woman, whose remains were discovered, had borne a child. 
3. Identity in cases where an entire or incomplete skeleton 
has been discovered.— The enquiries of the medical jurist must 
be directed to the elucidation of the following points : — 

I. Whether the bones discovered are human bones or those 
of some animal. 

II. If the bones are human, whether they are those of a 
male or female. 

III. The determination, if possible, of the length of time 
that the bones have been in the grave. 

IV. The probable age of the individual to whom the bones 
belonged. 

V. The probable stature of the individual. 

VI. If any of the bones exhibit fractures, whether those 
fractures had been produced during life, or by accident during 
exhumation. 

VII. The presence or absence of foetal remains. 

In connection with this last-mentioned point it is well to 
bear in mind that undertakers frequently bury still-born children 
indiscriminately in coffins with adults. 
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DiflTCfcnox OP HcMAN Bones from those of the 
Lower Animals 

\Yith regard to the diHtinctioD of human bones from thoAc 
of animals, all that is commonly expected of u medical witness 
is to say whether a particular bone has formed part of a humuii 
skeleton or not. It is not oecessarj- that he should say to what 
particular animal the bone may have belonged. Amongst the 
general public a considerable amount of ignorance prevails on 
these matters, the bones of cows, horses, sheep, and dogs being 
frequently mistaken for those of human beings. It is not 
necessary in this work lo descril)e all the peculiarities of human 
bones, and the methods of distinguishing them from those of 
the lower animals, but the followtng are some of the well- 
marked differences which exist between the bones of men and 
of animals. 

SknlL— The foramen magnum in all animals, except those 
of the ape tribe, is placed well at the posterior part of the base 
of the skull, and has its posterior edge turned upwai-ds. In 
the ape tribe it is nearer to the centre of the base of the 
cranium, and so resembles the position of it in man. later- 
maxillaiy bonei. — All animals, including those of the ape tribe, 
have these two bones in the face in addition to those found in 
man. On account of these bones holding the incisor teeth, 
they are sometimes called osaa incisorta. loferior mftxilla.— 
This in animals is destitute of the protuberance corresponding 
to the chin. Clavicles. — Most of the quadrupeda are destitute 
of olaviclea. In the dog and cat there is a clavicular bone 
suspended in tlie muscles. PelviB. — In animals the pelvis is 
always much elongivted as compared with the pelvis of man. 

Determination of Sex in Skeletons 

The determination of the sex from an examination of the 

sk^toQ or of certain separate bones can, as a rule, only bo 

ide vrith certainty in subjects who have passed the age of 

puberty, since sexual diCTerences in the skeleton do not become 
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very apparent uatil adult age has been reached. A full-grow 
bone of a female can, ae a rule, be distinguished from the oor*! 
responding bone of a male by the ndges, depressions, and pre 
cesses being less marked and defined, by the greater smoothnen 
of the shafts, and by the articular surfaces being more fiattenedfl 
in female skeletons. The thorax is frequently flattened laterally J 
owing to the pressure of the stays. The thigh-hone of a femal 
skeleton possesses a greater curve forwards at the upper pal 
than does the thigh-bone of a male skeleton ; and at the lou'ei 
part it is turned more obliquely inwards than is the thigh-boni 
of a male. The neck of the femur in the female is mora 
nearly at right angles with the shaft than in the male. 
esamination of the pelvis, however, furnishes the most aatis-'^ 
factory method tor the determination of the sex in an adult 
skeleton. In the male the bones are thicker and stronger, and 
the muscular eminences and impressions on their surfaces _ 
are more strongly marked. The male pelvis is altogether naorg 
massive, its cavity is deeper and naiTOwer, and the obturato 
foramen is of larger size. In the female the bones ai'e lighla 
and more expanded, the muscular impressions on their surfac 
are only slightly marked, and the pelvis generally is less 
in structure. The iliitc tossK are broad, and the spines of t 
ilia are more widely separated, hence the great prominence C 
the hips. The inlet and outlet are larger, the cavity is i 
capacious, and the spines of the ischia project less into ia 
The promontory is less projecting, the sacrum is wider and Ii 
curved, and the coccyx more movable. The arch of the pubi 
is wider, and its edges more everted. The tuberosities of t' 
Ischia, and the acetabula, are wider apart. In the foetus, andfc 
several years after birth, the pelvis is small in proportion 1 
that of the adult ; the cavity is deep, and the projection of i 
sacro-vertebral angle less marked. The an tero- posterior b 
transverse diameters are nearly equal, About puberty, the 
pelvis in both sexes presents the general characters of tha 
adult male pelvis, hut after puberty it acquires its proper sexual 
characters (Gray), 
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Determination of Age in Skeletons 

The examination of the jaws and teeth, together with the 
progress of ossification in the skeleton, and the general surface 
appearances of the bones, are the sources upon which mainly 
to rely as furnishing evidence of age in skeletons. At birth the 
angle formed by the ramus and the body of the lower jaw 
is obtuse, being equal to about 140^. The body of the jaw is 
shallow and semicircular in forn), but as adult age is reached 
the body grows posteriorly and gradually changes its form to a 
horse-shoe shape, while at the same time it becomes deeper 
and thicker. The ranms lengthens, and the angle formed by 
the ramus and the body of the jaw l)ecomes less obtuse, until 
it approaches a right angle. In old age the teeth are generally 
lost, and the alveolar portion of the jaw atrophies, m^ that the 
body of the jaw becomes again shallow, and the angle formed 
by the body with the ramus becomes again obtuse. The Ixxly 
of the infantile jaw is mainly alveolar, whereas the lx>ily of the 
jaw at old age is entirely basal, as can be demon HtraU^l by the 
relative position of the mental foramen in the two castas ; in 
the infantile jaw the foramen is low down, whereas in the jaw 
of old age it is near the upper lx)rder. 



Examination ok the Teeth 

Periods of the eraption of the temporary or milk teotlt— 
These appear in the following order. — 

Sixth or *»eventh month 
Eighth 

Seventh to ninth 
Tenth 10 twelfth 
Fourteenth 



»t 



«» 



Seventeenth to eight<eenth moinli 
Twenty-second to twenty-fourth month 



TOL.!. 



]>jwer centnil inciv>r-» 
L'piK-r central inciv^f* 
L'pjx^r lat^^ral inci^^rs 
l>jwer lateral inci«»ryri> 
Four fir-Jit or anterior 

molars 
Four canines 
Four second or poH- 

terior iwjhs-i 
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The temporary or milk teeth are twenty in number; theilJ 

an-ftngemeut is showii in fig. 1. 




- Pebioub uv EuPiTioN or the Tehtobabv Tebtd 
(Sinals and Coljer'a ' Diiieaseii of tbe Teelh ') 

Periods of emptioa of the permanent teeth. — These uppeor I 



in the following order :- 
Sixth or seventh yeur . 
Seventh or eighth ,, . 
Ninth year . 
Tenth „ . . , 

Eleventh to fifteenth yeai' 

Eleventh to thirteenth „ 
Thirteenth to sixteenth yea 
Eighteenth to thirtieth „ 



Four anterior or first molars 

Four centriJ. incisors 

Four lateral incisors 

Four anterior bicuspids or pre 

molars 
Four posterior bicuspids or pr« 

mo 1 BJ'S 
Four canine a 
Four second molars 
The third or lust molars ocfl 
wisdoui teeth 
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The permanent teeth are ihirty-two in number ; their 
arrangement la shown in fig. 2. 




Fia. 3.— PEnioDH of EnvfTlON o? tbe Pebiiasent Tebth 
(Smale uid Colter's 'Diseseea ol Ibe Teeth ') 



U CVESTIOXS CCXXECTED WITH THE DEAD BODY 



TsA ioSowiTLg iAbI<s &n& anmcjaed lor the purpose of de- 
lerminizig ihe p^ctebae al^ of a body or Aelgton from die 
pn>gres.§ of o»aif c^^ioc : ibey &r« Ukken from Qoain's 'Osteology' 
and Dixon Mar.r.'s * Forensic Medicine.* 



Table shoeing the Periods 
Ossification appeab 



AT WHICH PdDTTS OF 



T-*r§ t Irf* 
1st . 



2na 



»• 



3r.i . 



ff 



»» 



3nl to 4th 
4th. 

4th to 5th 

oih . 
»» 

5th to Cth 

«th . 

7th. 

10th 

12th 

19th to 14th 



Z% -K 



xibc 



It 



>« 



Fourth piece of the bodj- of the 

Concoid p rocts a i of the senpula 

Head of the homcms 

Os magnam tcaipos) 

Head of femar 

Upper end of tibia 

External coneiform (taKus) 

Lover end of radios 

Unciform (carposl 

Lover end of tibia 

Lover end of fibola 

Great taberositj of homems 

Patella 

Internal coneiform (tarsos) 

Upper end of fibola 

Gieat trochanter (femnr) 

Middle coneiform (tarsos) 

Scaphoid (tarsos) 

Lower end of olna 

Lesser toberositv (homems) 

Internal condyle (homems) 

Trapeziom and semi-lonar (carpos) 

Upper end of radios 

Scaphoid (carpos) 

Trapezoid (carpos) 

Upper end of olna 

Pisiform (carpos) 

External condyle (homems) 

Small trochanter (femor) 



Aftor a perHon has reached full adult age, the examination 
of I h(i hones will reveal the following conditions : (i) Union of 
all the epiphyses of the hones, (ii) Firmness and solidity of 
the hones, (iii) Rough surfaces for the attachments of muscles, 
(iv) Well-marked processes, grooves, and foramina. 
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Table showing the Periods of Union op Epiphyses with 
Shafts of Bones, and of Bones with Each Other 



Yean of life | Kpfphy^ef^ of bones 



Ist or 2nd . Symphysis of lower jaw 

2nd . . Frontal suture ; unites from below upwards (may persist) 

M Anterior fontanelle filled up 

7th or 8th . Kami of ischium and pubis 
17th . . Epiphysis of upper end of ulna 

M „ „ small trochanter (femur) 

17th to 18th ' „ „ condyles (humerus) 

„ „ I „ „ upper end of radius 

18th . • , „ „ great trochanter (femur) 

„ ,, „ lower end of tibia 

Lower sacral vertebrae 
Portions of acetabulum united 
19th . . I Epiphysis of head of the femur 
20th . . „ „ „ „ humerus 

„ „ „ lower end of radius 

tf »» f» »t »» ulna 

2l8t . . f, „ upper end of tibia 

„ „ „ lower end of fibula 

24th . . „ „ upper end of fibula 

2dth . . Second and third pieces of sternum 
First and second sacral vcrtebraD 
Epiphysis of clavicle 

lower end of femur 
4(Hh . . Manubrium with body of sternum 
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The bones of an old person present the followingpecuharities : 
(i) Parts which are cartilaginous in adults, such as the costal 
cartilages, thyroid cartilages, and trachea, become more or less 
ossified, (ii) The bones of the cranium become much thinner, 
and the sutures disappear first on the inside of the skull, and 
later on the outside, (iii) The teeth have dropped away from 
the jaws or the crowns are worn away to the sockets, (iv) The 
alveolar cavities sometimes quite disappear, the lower jaw 
becoming, more or less, a rounded bone. 

Determination of Stature 

The average stature of Englishmen is five feet seven inches. 
In determining the stature from a measurement of an entire 
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skc^e^c h if c^ssacciikzy v:< ud irccn ui iscii to u indi and a 
ral-f j:c 4£»e irjck:M^> cc ihe sofx ptits. If the bones are 
<ri:i=?rlT disfcTDCTLiAied. ib£-T sbccsla Ke laid oat in their natmal 
c«dcs- hzs^ ir jzrupctsdikei. &z>d ihc^ a iDeasaranent should be 
=:iAar. W:iL Tir£:&ri v ibe r^^-oefcTo-^rs that have oecasioiiallv 
tK^z. zi&dr «o ikyix-riA'" ibr >un:3>r of a skeleton frxMn the 
n.-eiSTirtrL'rr.: c-f rcr ;: \rii: \xlz booe^. Terr nnsatisffacton- 
r>e>::Ii5 ane. ib> ^ r^-e. :>*r>Lkii>eo. as ibencr i» do constant relation 
'ociween ihc I-enr:r. :: ^iiy ^:^r tor-r aDd the stature of a person. 
Frc-m lie t<-n^-> c: ibr irz:. :r fr:-=: aa entire arm. it is however 
p:sf:ble :o cbiA'- ippr:i:z:i:«:2y ihe ssai^ijeof aposon. There 
:>. ^ & r-^r. & reziJkrk^Mr approximaxxyn between the stature 
cf an ir.d:v:duiil ani the tmiSTrrsc' measaiement takan between 
ihr es-^rtzir r-if :f ihr i:i:ddlr nnsei^ the arms being held 
oui^trtxhei ir. a hr^rl&j-niil poaiiion. If. theiefore, only one 
arm :> c"f ^aizjb'.r. "r v i:ublini: ihe I^nfiih of the ann. and adding 
iwelve :r.ehe> ::'r ihe rwo clivielr> aad oce inch and a half for 
the w^dih of :hr >:err.ui::. ^ ven- cj»><«' apfuroximation to the 
sidiure of ihe ir.dividuaJ :> cb:^::rd. 

W::h r^rtrard :o :he dr'.tmiir.ATior- of aae from the stature of 
a rv-iv. no'^hiii;: ver\- den::::c : r :r^s: wonhv can be made out, 
since :hen^ arye j^ea: vi:fferer.c^s in ihe rapidity of growth in 
children e::her of :hr 5<in:e sex or of different sexes^ 
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CHAPTER VII 

Post-mortem examination for medico-legal purposes— External examination 
— Internal examination —Instruments - Preservation of viscera for ana- 
lysis — Exhumation. 

Method of Making a Post-mortem Examination 
FOR Medico-legal Purposes 

The examination should be made in daylight, as some colour- 
changes are very apt to escape detection in artificial light. It 
is desirable that two medical practitioners should conjointly 
make the post-mortem examination, and that the results should 
be recorded by one at the dictation of the other who is actually 
conducting the examination ; as soon as the necropsy is finished 
the operator should read over the notes, which should then be 
signed by both medical men. 

Before the clothes are removed from the body, the hands 
should be inspected to see whether any thing is grasped in them, 
such as portions of hair or clothing, or whether they are stained 
with blood, or blackened by gunpowder, or have cuts or other 
injuries upon them. The clothes are then to be removed, and 
any cuts or other injuries they may have sustained should be 
carefully compared with the underlying surface of the body. 

External examination of the body. — Notes should ))e made 
of the temperature of the body, the degi'ee of rigor mortis, the 
presence or absence of putrefaction, the height, weight (if deal- 
ing with tlie body of an infant, or in a case of suspected 
starvation), sex, apparent age, amount of muscle and fat, colour 
of the skin, scars, moles, najvi, and other marks which may 
serve for purposes of identification, the number and pecu- 
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liarities of the teeth, the colour of the eyes and hair, and the 
presence or absence of foreign bodies in the mouth, nostrils, 
pharynx, anus, or vagina. Blood-stains, contusions, and wounds 
should be carefully looked for; post-mortem stains must not 
be mistaken for contusions (see p. 48). The extent of wounds 
and contusions should be investigated by dissection, not by 
probing. The skin surrounding a gun-shot wound should be 
examined for blackening or tattooing. The neck should be 
examined for marks of strangulation. If the top of the head 
has sustained any injuries, the hair must be shaved off in order 
to examine their superficial extent. If a wound be found on 
the body, and a weapon be discovered, the examiner should 
form an opinion as to whether the injury could have been in- 
flicted by such a weapon, and also as to whether the wound 
could have been self-inflicted or not. In the case of the exam- 
ination of a female body, the condition of the external genitals 
and of the hymen should be noted. If the body be that of a 
new-bom infant, the degree of maturity should be ascertained 
(seeii. pp. 190 192). 

Internal examination of the body.— If there be any clue as 
to the cause of death, the cavity supposed to be imphcated 
should be opened first, otherwise the order given below should 
be followed. In all cases, however, it is important that all the 
cavities of the body should be opened and their contents exam- 
ined, since, although a cause of death may be found in the first 
cavity, yet a counsel defending a prisoner could argue that an 
earlier cause of death might have been found in one of those 
left unopened. To open the body the operator should stand 
on the right side of the cadaver, and should make an incision 
in the middle line, through the skin and fat, extending from the 
chin to the symphysis pubis. The abdominal cavity should be 
opened first, and notes should be made of the relations and 
appearances of the viscera as seen in sitUy and of any abnormal 
conditions of the peritoneum. The position of the diaphragm 
should then be ascertained on either side by passing the index 
finger of the right hand to the roof of the diaphragm in the 
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mid-clavicular line, and then presBiDg the finger towards the 
front of the thorax so as to ascertain the height hy reference to 
the ribs. 

After opening the thorax, the pericardium sliould lie laid 
open along ita lower and right borders, and notes !thotild lie 
made ot the degree of distension of the right auricle and the 
ventricles, and the state ot the serous membrane. Abnormal 
collections of serum, blood, or other liquid found in any of 
the cavities of the body should be carefully collected by a 
syringe or otherwise, and measured in a graduated glass 
vessel. 

Before proceeding further with the examination of the 
thorax and abdomen, it is desirable to expose the surface of the 
brain, so that the degree of congestion of its vessels may be 
ascertained before the great vessels in the thorax or abdomen are 
cut. To effect this the skull-cap is exposed by making an 
incision down to the bone from the root of the left mastoid pro- 
cess to the corresponding point on the right side, and then 
peeling from the skull the frontal and occipital flaps of the 
scalp. During this proceeding note should be mode of any 
abnormal extravasations of blood that may be found, and care- 
ful search should be made for fractures ; if a fracture be found, 
it should be followed to its whole extent, and any unusual thin- 
ness of l)one should he noted. To remove the skull-cap the 
outer table of the skull is sawn through on either side along a 
hne passing anteriorly from a point an iuch above the root of the 
zygoma to just above the frontal eminences, and posteriorly to a 
poiut about an inch above the external occipital protuberance. 
The separation of the skull-cap is carefully completed with 
the chisel, precautions being taken to avoid fiasuring of the bones. 
The dura mater is then cut through on a level with the edge of 
the bone, except in the middle line behind, and is turned hack 
so as to expose the surface of the pia mater. In infants under a 
year old the bones of the skull and the dura mater can be divided 
together hy a strong pair of scissors. The tiegree of disten- 
sion of the superficial cerebral veins is to be noted, and the 
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examination of the abdominal and thoracic cavities should then 
be proceeded with. 

Examination of the ahdomhial cavity, — The surface of the 
intestine should first be carefully inspected and palpated, and 
the condition of the mesenteric glands ascertained. The 
stomach should then be removed by placing a ligature round 
the lower end of the oesophagus, and a double one at the 
beginning of the duodenum, and dividing the oesophagus 
above its ligature, and the duodenum between the two. The 
stomach should then be placed on a clean porcelain dish, and 
opened along the lesser curvature, care being taken that none 
of the contents are lost. The contents are poured into a clean 
jar, and the inner coat of the stomach is examined. Note 
should be made of its colour, and the surface should be 
examined by the aid of a lens for particles of leaves, berries, 
colouring matter, crystals, (fee, any of which, if found, should be 
examined under the microscope. Any signs of inflammation, 
ulceration, corrosion, or perforation should be noted. The 
oesophagus should then be removed and opened, and any 
pathological conditions, or signs of corrosive or irritant poisoning, 
should be noted. The small and large intestines are then to be 
separately ligatured, removed, and examined in a similar way to 
the stomach ; note should be made of any pathological con- 
ditions, such as ulcers, perforations, growths, and areas of in- 
flammation. The presence or absence of faeces in the lower 
bowel should be recorded. The liver, spleen, pancreas, kidneys 
and suprarenal bodies should be removed, weighed, and exam- 
ined. 

The examination of the pelvic organs requires special care 
in cases of suspected criminal abortion. The peritoneal surface 
of the uterus, and the upper portion of the posterior surftice of 
the vagina, are carefully examined for perforating wounds, and 
the vulva is also carefully inspected. The ligaments of the 
pubic symphysis are then divided with the cartilage knife, and 
the lower limbs are forcibly separated in order to cause the 
pubic bones to come apart, and so give room for the separation 
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oE the pelvic orgttus, which ure then removed along with the 
skin of the perineum and vulva. The bladder is to he opened 
and examined. The vagina is then cut through with blunt- 
pointed scissors along the middle of its anterior sm^ace, and its 
interior and the os uteri carefully inspected. The cervix and 
body of the uterus are next opened by a continuation of the 
incision into the vagina, and their interiors cai-efuUy examined. 
The ovaries should he opeued by clean cuts, and notcfl made of 
any corpora lutea that may be present. 

Examination of the thoracic cavili/. — The cavities of the 
heart should be examined before it is removed, and the size of 
the tricuspid and mitral orifices should be tested by means of 
the fingers. After removal of the heart, the mitral and aortic 
valves and the endocardium are thoroughly exposed, and any 
abnormalities noted. The lungs and their pleural surfaces 
should be examined previous to removal, and evidence of 
aeration, collapse, or atelectasis carefully looked for. The 
lungs, trachea, larynx, floor of the mouth, and tongue should 
be removed together, and submitted to careful inspection. For 
the method of examining the lungs in a case of suspected 
infanticide, see ii. pp. 19.5-199. 

Examination of the cranial cavity. — The brain is removed 
in the usual way, the spinal cord being cut as low down as 
possible in order to facilitate the subsequent removal of the 
remainder of the cord. The brain should then be placed on 
its ventral aspect, and transverse and vertical sections made 
through its substance. The sections should not pass quite 
through the brain, so that the sulMlivisions may l>e easily 
replaced, and held together in order to facilitate the accurate 
location of any lesion that may be found. 

The spinal cord may be removed either from the front by 
the use of Schmidt's chisels, or from behind. After the surface 
of the cord has been examined, a series of transvei-se sections 
should be made at short intervals from end to end, in order to 
examine ils substance. 

The first m eta tar so -phalangeal and other joints should be 
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opened to ascertain whether Any deposits of sodium urate a 
present in the cartilagea. If necessary, the bones should b».J 
eKamined hy freeing them from the soft parts, and then making;! 
longitudinal sections with a shaip saw. Evidences of rickets-a 
and s^'philis should be looked for. When the exaiuinatioti isl 
made several days or longer after death, changes due to decom- 
position must be allowed for. If the corpse baa been soma I 
montha in tbe ground or in water, the formation of adipocemfl 
will mask the normal appearances, and may be mistaken tor's 
tubercular caseation. 

Inatrumenti. — The operator should be provided with a pair J 
of scales, a graduated glass measure, some clean glass j 
ordinary dissecting-case, two pairs of scissors, one pair sharp- I 
pointed and tbe other blunt-pointed, two full-beUied section J 
knives, u cartilage knife, a saw with a movable back, chisel and I 
mallet, bone forceps, a pan- of bowel scissors, a bhmt-pointed ^ 
bistourj', a straight nai-row-hluded knife for removing tbe 
tongue and floor of the mouth, and a knife with a broad blade 
about eighteen inches in length for making sections of the brain 
and other solid viscera. .\ packing-needle and some twine a 
required for tbe final sewing up of the body. 

Fretervation of viacera for analTiii.— For tbe methods a 
cleaning the glass jars and afterwards securing them, see p. 113> 
Tbe jars containing the contents of the stomach and tbt^fl 
viscera should be sealed with tbe private seal of the medicaid 
man w*ho has made the necropsy, and to each jar a label sbouldl 
be atlixed stating the contents of tbe jar, the name of ths ■ 
deceased person, the date of death, the date of tbe neoropsy^J 
aud the name of the medical man making it. These jars shout 
be delivered personally by the medical man to a responstblc'l 
party, to whom a Usl of the jars and contents should be givei^ 
a similar list being retained by the medical examiner. If t 
jars and their contents have to be kept, they must be lockec 
up in a cool place. No preservative should be added to t 
contents of the jars. 

Exhttmatton.— In the case of the exhumation of a body, ifl 
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should be properly identified by the friends or relatives of the 
deceased before removal from the cofiin, at which time, also, 
the medical inspectors should view it. Exhumations are most 
frequently made in cases of suspected poisoning. In such 
cases, the stomach, intestines, liver, spleen, and kidneys should 
be removed and placed in clean glass jars. If a metallic poison 
be suspected, the shaft of the femur should be removed. If the 
body has been buried for long, or if the coffin be decayed, a 
tmall portion of the surrounding earth should l)e taken away 
for chemical examination. 
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TOXICOLOGY 
CHAPTER VIII 

Definition of a poison— Sale of poisons - Noxious things— Conditions 
affecting the action of poisons— Classiticution of poisons— Evidences of 
poisoning — Rules for investigation of a case of poisoning— Preservation 
of substances for analysis — Oeneral treatment of cases of poisoning — 
Preliminary procedures in the search for poisons. 

Toxicology (derived from roSiKovy poison, and Ao'yos, discourse) 
includes that branch of medical science which treats of poisons, 
of their history and properties, of their effects upon the living 
body, their treatment within the body, and their detection. 

The accurate definition of the term poison is not an easy 
matter, and care should be taken not to adopt what is perhaps 
the popular idea of a poison — viz. that it is a substance capable 
of injuriously acting on the body when taken or administered 
in a small dose, since many poisons act only as such when taken 
or administered in large doses. The following is the definition 
of a poison given by Taylor and Stevenson : * A poison is a sub- 
stance which, when absorbed into the blood, is, by its direct 
action, capable of seriously affecting health or of destroying 
life.' In connection with this definition, it must be borne in 
mind that some substances which we regard as poisons do not 
require to be absorbed into the blood in order to exert their 
deleterious action ; such, for instance, as corrosive acids and 
alkalies, which act by producing a corrosive effect upon the 
skin or mucous membrane with which they are brought in 
contact, and so seriously affecting the nervous system. Wynter 
Blyth defines poison thus : * A substance of definite chemical 
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composition, whether mineral or organic, may be called a 
poison if it is capable of being taken into any living organism 
and causes, by its own inherent chemical nature, impairment 
or destruction of function.' The following is perhaps a fairly 
clear and comprehensive definition : A poison is a substancCy 
tchic'hy either by its direct action upon the skin or mucous 
membranesy or after absorption into the bloody is capable of 
injuriously affecting health or of destroying life. 

It should be borne in mind that the law does not regard the 
manner in which the substance administered acts, provided 
a substance is capable of injuriously affecting health or of 
destroying life. It makes no difference, from a legal point of 
view, whether the action of that substance on the body is of a 
chemical or mechanical nature, or wliether it produces its fatal 
result by absorption into the blood or not. For instance, a 
substance which simply exerts a mechanical action on the 
stomach or bowels (crushed glass, metal filings, c&c.) may, if 
administered with intent to injure, involve a person in a 
criminal charge as nmch as if that person had administered 
arsenic, or any such poison ; and even supposing that no bodily 
injury has followed its administration, yet the accused can 
be tried for * attempt to commit murder.' The law in relation 
to this subject (24 & 25 Vict. ch. 100, sec. 11) runs thus : 
* Whosoever shall administer, or cause to be administered or 
taken by any person, any poison or other destructive thing with 
intent to commit murder, shall be guilty of felony.' This is 
only in accord with common equity, inasmuch as the crime is 
gauged by the act of administration of the poison, or other 
destructive thing, and not solely by the consequences tliat may 
follow its administration. 

It has occasionally been contended or stated by witnesses 
in trials for attempt to connnit murder by administration of 
poison, that enough poison had not been administered to cause 
death, or to cause any serious injury, such contention being put 
forward with the view of endeavouring to lessen the culpability 
of the person indicted for administering the substance. AYith 
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regard to this point, the ruling of Cresswell J. in the case 
of Hartley (C. C. C, 1850) was to the following effect : ' If 
poison be administered with intent to murder^ it is not neces- 
sary there should be enough in the article administered to 
cause death. If any poison be there, and the intent be proved, 
the crime of attempting to administer poison is complete.* 
The Criminal Law Consolidation Act, 1861, has the follow- 
ing provision : * Whosoever shall, by any other means, other 
than those specified in any of the preceding sections of this 
Act, attempt to commit murder, shall be guilty of felony.* 
Poison may be administered illegally, not with the intention 
of committing murder, but with some other criminal intent, such 
as the employment of drugs in the attempt to procure criminal 
abortion, or the use of narcotics in attempted rapes. The 
sections 23, 24, and 25 of 24 k 25 Vict. ch. 100 provide for 
this : — 

* 23. Whosoever shall unlawfully and mahciously administer 
to, or cause to be administered to, or taken by, any other person, 
any poison, or other destructive or noxious thing, so as thereby 
to endanger the life of such person, or so as thereby to inflict 
upon such person any giievous bodily harm, shall be guilty of 
felony.' 

* 24. Whosoever shall unlawfully and maliciously administer 
to, or cause to be administered to, or taken by any other person, 
any poison, or other destructive or noxious thing, with intent 
to injure, aggrieve, or annoy such person, shall be guilty of a 
misdemeanour.' 

* 25. If, upon the trial of any person charged wuth the felony 
above-mentioned, the jury shall not be satisfied that such 
person is guilty thereof, but shall be satisfied that he is guilty 
of the misdemeanour above-mentioned, then, and in every such 
case, the jury may acquit the accused for such felony and find 
him guilty of such misdemeanour.' 

There is also a special provision framed with reference to 
stupefying poisons, such as chloroform, &c. : — 

•Whosoever shall unlawfully apply, or administer to, or 
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cause to be taken by any person, any chloroform, Uudaniun, 
or other atupefymg or overpowering drug, naatter. or thing, with 
intent in any such case thereby to enable himself, or any other 
person, to commit, or w-ith intent, &c., to assist any other person 
in coinmitting, any indictable offence, shall be giiilty of felony.' 

The sale of poisons— in small quantities, at all events— is 
by law restricted to pharmaceutical chemists, chemists and 
druggists, and medical men ; and in the Pharmacy Act of 1868 
poisons are arranged in two groups. With those in Part I. a 
registration of the sale is compulsorj-, and the poisons are not 
allowed by the Act to bo sold unless the purchaser is known to, 
or introduced by some person known to, tlie sellor, the purpose 
for which the poison is wanted having to he entered in a book 
provided tor the purpose; whereas, those in Part II. merely 
have to he labelled with the name of the Buhstaiioe, the word 
'Poison,' and the name and atldress of the vendor. The fol- 
lowing are the poisons at present arranged in these groups :— 

Part /.^Arsenic and its preparations. Aconite and ita 
preparations. All poisonous vegetable alkaloids and their 
salts. Atropine and its preparations. Canthaiides. Con-osive 
sublimate. Cyanide of potassium, and all metallic cyanides, 
and their preparations. Emetic tartar. Ergot of rye and its 
preparations. Prussic acid and its preparations. Savin and its 
oil- Strychnine and its preparations. Vermin-kiUers, if pre- 
parations of poisons the preparations of which are among the 
poisons just enumerated. 

Part II. — Essential oil of almonds (unless deprived of prussio 
acid). Belladonna and its preparations. Tincture of cantha- 
rides, and all vesicating liquid preparations of cantharides. 
Chloroform. Chloral hydi'ate and its preparations. Morphia 
and its preparations. Corrosive suhhmate and its preparations. 
Nnx vomica and its preparations. Opium and its prepai-ations, 
and preparations of poppies. OKatic acid. Red precipitate 
(red oxide of mercury). White precipitiite (annnoniated 
mercmy). Vermin-killers containing poisons prepared for the 
dfiBlructioD of vermin, if not subject to the provisions of Fart I. 

VOL. I. B 
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Hosioos thing. — With regard to the definition of a noxious 
thing, the law throws the responsibihty on a medical witness 
of expressing an opinion as to whether the substance given was 
a noxious thing, and as to whether it was given in excess, and 
so was likely to produce annoyance or injury to health. In 
Beg, V. Hennah (Cornwall Ass., 1877), it was contended in 
defence that, if what was administered could produce no effect, 
it would not in law amount to administering a noxious thing 
as required by the statute. On that occasion Lord Chief Justice 
Cockbum ruled that, unless the thing was noxious in the 
quantity administered, it cannot be said that there has been a 
noxious thing administered ; and he fmther said that there must 
be a distinction between a thing only noxious when given in 
excess, and a thing which is a recognised poison, and is known 
to be a thing noxious and pernicious in its effect. While this 
ruling remains, medical witnesses must be careful in considering 
and expressing an opinion as to the quantity of the substance 
administered, and whether such quantity was hkely to injure or 
annoy a person. 

Conditions affecting the Action of Poisons 

As a medical witness may be called upon to state the dose 
of the substance required to be poisonous or noxious, it is 
important that the various conditions affecting the toxic action 
of poisons should be carefully considered. These conditions 
are :— (1) Habit ; (2) Idiosyncrasy ; (3) Age ; (4) State of 
health ; (5) The condition in which the poison is administered 
or taken ; (6) The mode of introduction into the system, and 
the amount of food present in the stomach at the time. 

1. Habit. — The influence of habit on many poisons may 
very considerably diminish tlieir effects ; for instance, the 
constant taking of opium causes considerable loss of its toxic 
and therapeutical powers, and necessitates the employment 
of a much larger dose to bring about its physiological action. 
Opium eaters and drinkers, and persons addicted to the use of 
morphine, are able to take in one dose a quantity of the drug 
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f *rtiieh would assuredly prove fatal to anyone not so addicted to 
I its use. This tolerance on the part of the system to the action 
if poisons, as a result of their acquired and prolonged use in 
small (loses, is not peculiar to opium or morphine ; arsenic, 
alcohol, chloral hydnite. strychnine, and cocaine are examples 
of poisons in connection with which such tolerance may be 
Lftcquired. The Styrian practice of arsenic -eating is a fairly 
Iwell known example of this. Cases are published of Styrians 
" Bating five grains of arsenic in one dose, whereas a consider- 
ably smaller dose would probably prove fatal to an adult 
not addicted to this practice. It is, however, probable that 
amongst those StjTians who have adopted this practice of 
arsenic-eating, symptoms of acute arsenical poisoning sooner or 
\ later show themselves. 

F 2. Idioayncrasy. — Idiosyncrasy is different from habit, in 
that it does not diminish the effect of a poison. Some persons 
are so constitutionally disposed as to be intolerant of small 
doses of poisons or other substances, which in the same 

■ quantities would not injuriously affect the majority of beings. 
F-^otne persons iire naturally tolerant of large doses of poison, 
|4Uld others intolerant of smatl doses of the same poison. For 

instance, in some people an ordinary medicinal dose of arsenic 
r of mercury may exert a toxic action ; certain articles of food 
lay esert peculiar effects upon certain individuals; such, for 

instance, is the case with some kinds of shell-hsh and pork, 

■ which may not contain anything poisonous, and which the 
Lmajority of people may be able to eat without the production of 

my ill effects. From the medical point of view the subject of 
diosyncrasy is important, since, after the consumption of a 
u:tiGular kind of food, symptoms resembling those of poisoning 
lay occur. 
3. A^.^ln the majority of cases children are more easily 
joted by poison than adults, and such is especially the case 
ith opium and tlie preparations of morphine. On the other 
tnd, certain poisons, like belladonnn, are better tolerated by 
lildren than by adults, 



loo TOXICOLOGY 

4. State of health. — A disordered or diseased condition of 
the body may in some cases render a person less susceptible 
to the action of certain poisons ; whereas in other cases 
it may increase their toxic effect and cause small doses to 
exercise a fatal action. Patients suffering from dysentery, 
tetanus, acute mania, and delmum tremens can take large 
doses of opium or morphine which might be sufficient to kill 
an adult in ordinary health ; on the other hand, patients 
suffering from the different forms of Bright's disease and 
apoplexy are much more susceptible to the effect of opium or 
of the preparations of morphine ; so that a dose of opium or 
morphine, which can be borne by an adult in ordinary health 
with impunity, may kill a person suffering from one of those 
diseases. If a person be suffering from gastro-intestinal 
catarrh, small doses of any iiritant poison would aggravate the 
already existing condition. It should be carefully borne in 
mind that the substitution of poisons for medicines, or the 
addition of poisons to medicines, with a criminal intent, is not 
unusual, and a medical practitioner is especially apt to be 
misled when poison is secretly administered in medicine to a 
patient already suffering from symptoms of gastro-intestinal 
catarrh. The points that are especially indicative of suspicion 
in such cases are the increase in the gravity of the symptoms 
without there being anything in the condition of the patient to 
explain such an increase, or the supervention of fresh sym- 
ptoms which might indicate the nature of the substance being 
administered, especially when such aggravation or occurrence 
of fresh symptoms occurs after the taking of medicine or of 
food. In the event of such suspicion being raised in the mind 
of the medical attendant, his duty is to employ trained nurses 
who should be in attendance both day and night on the patient. 
In some cases only a chemical examination of the suspected 
articles may actually reveal the fact of the criminal act of the 
administration of poison. 

5. The condition in which the poison is adminlBtered.— The 
condition of a poison especially with regard to its solubihty, 
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very consiclerahly affficta the rapidity with which it produces 
its toxic notion. If a poison be in solution, it is more rapidly 
absorbed into the circulfition and more quickly produces its 
toxic action than if administered in a solid or compact form ; 
for instance, if stryclinine be administered in hard pills, its 
poisonous action may be considerably delayed, whereas it ad- 
ministered in a stiite of solution the toxic effect is produced 
in a much shorter time. 

6. The mode of introductioii into the lystem. — Poisons may 
be introduced into the system in various ways. The com- 
monest way is by the mouth, the absorption of the poison 
afterwards taking place from the stomach and intestines ; this 
is a fairly rapid way of producing the toxic effects of a poison, 
hut the amount of food that may be present at the time in the 
stomach may very considerably affect both the rate of absorp- 
tion into the system and the action of the poison. A poison 
taken upon an empty stomach is more rapidly absorbed, and 
produces a quicker and more powerfid toxic action, than if 
taken on a full stomach. 

Another method by which poisons may be introduced into 
the system is by hypodermic injection, by which method, on 
account of the rapid introduction of the poison into the circu- 
latory system, the toxic action is, as a rule, speedily produced. 
The rapidity of absoiption is very great ; after the hypodermic 
injection of a solution of a poison, it becomes diffused throngh- 
init the whole circulation in a few seconds. 

n, poisons may be absorbed fi'om the unbroken skin, 
though such absorption is necessarily very slow, or from 
Oloemted surfaces upon the skin, when the absorption is some- 
4rhat more rapid, or from the various mucous membranes, such 
'M by injection into the rectum or vagina, and by application to 
^e nasal mucous membrane, or to the mucous membrane of 
'Ae throat ; in addition, a poison may he introduced in the 
of vapour into the lungs, and so gain access to the 
iSystem, as in the case of ether or chloroform adnjinistered by 
ijnhalation. 
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Poisonous Doses 

The medical witness is frequently asked what dose of a 
poison would be suflBcient to cause death. In answering such 
a question, not only should the average toxic dose be given, 
but also the smallest dose that has been known to produce 
death in an adult or a child, as the case may be, since, if such 
a dose has once produced a fatal result, it may produce it 
again. It should be carefully borne in mind that, in cases of 
death from poisoning, in which poison has been extracted 
from the contents of the stomach, the portion of poison re- 
maining in the stomach, and extracted by the analyst, is not 
the portion which produced death, but merely the residue or 
surplus of the poison which has undergone absorption into the 
circulation, the latter portion being mainly responsible for the 
fatal result ; so that the quantity which may be found in the 
stomach or intestines, or deposited in the different viscera and 
tissues of the body, gives no true idea of the quantity that has 
actually been taken by, or administered to, the deceased, 
especially as a considerable amoimt may have been removed 
by vomiting, purging, and in the urine. Moreover, death may 
result from the effects of the poison, and yet no trace of the 
poison may be found in the stomach, intestines, or any of the 
viscera. For instance, death has been known to result from 
strychnine poisoning with all its characteristic symptoms, 
and yet sufficient time has occurred for the elimination, and 
perhaps the partial destruction, of the poison, previous to the 
occurrence of death, so that the question as to whether the 
amount of poison discovered in the body is sufKcient to 
have caused death is in realitv a matter which should 
not affect the case. As Orfila has remarked with regard to 
arsenic, ' That portion which is found in the stomach is not 
that which has caused death ; but the surplus of the quantity 
which has already produced its fatal effects by its absorption 
into the system.' If, however, a very small quantity of a poison 
be found in the body, the question may fairly be raised whether 
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that small amount is not the remains of a medicinal dose of the 
poison legitimately administered or taken. 

Classification of Poisons 

The classification of poisons is not a matter of much im- 
portance or of much utility. A connnon metliod of classifying 
them is in tho following groups : — 

1. Inorganic poisons. 

I. Irritant poisons. 
II. Con'osive poisons. 

2. Organic poisons. 

I. Irritant poisons. 
II. Poisons affecting— //. the Heart ; h. the Lungs; c. 
the Brain ; d. the Spinal cord. 
Perhaps a more useful classification is the aiTangement of 
poisons according to the way in which they produce death ; 



Irritant poisons 

Sulphuric acM 

Hydrochloric acid 

Nitric ucid 

Caustic potash 
„ soda 

Ammonia 

Lime 

Copper salts 

Mercury salts 

Lead salts 

Silver salts 

Zinc salts 

Arsenic and it>% prepa- 
rations 

Tin salts 

Chromium compounds 

Phosphorus 

Carbolic acid 

Oxalic acid 

Savin 

Cantliaridos 



Poisons arresting 
respiration 

Calabar bean 

Cantharides 

Colchicum 

Colli um 

liObelia 

Krgot 

Aconite 

Strychnine 

Hydrocyanic acid 

Opium 

Tobacco 

Ciiloroform 

Nitrous oxide 



Poisons arresting the 
action of the heart 

Antimony salts 

Alcohol 

Chloroform 

Chloral 

Belladonna 

Stramonium 

Henbane 

Digitalis 

Veratria 

Tobacco 

Barium salts 
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but in connection with this classification it should be borne 
in mind that the same poison frequently affects more organs 
than one, and therefore in connection with the list given on 
p. 103, it should be remembered that, though the organ re- 
ferred to in the column containing any one poison is the one 
mainly responsible for the cause of death, yet it may not be the 
only one affected by the poison in question. 

Corrosive poisons. — These poisons destroy, by direct chemical 
action, the tissues with which they come in contact. Many 
irritant poisons are corrosives also ; all corrosive poisons are 
necessarily irritants. Corrosive poisons produce an effect in 
the act of swallowing, there being felt immediately an acrid or 
burning taste extending from the mouth down the gullet to the 
stomach ; speedy vomiting is also induced in the majority of 
cases, and the vomited matters may be peculiarly stained or 
affected by the nature and action of the poison, in the case of 
corrosive acids and alkalies ; the symptoms come on immedi- 
ately, as mere contact of the poison with the mucous mem- 
branes is sufficient to produce destruction of the latter on 
account of the ready destructibility of tissues by corrosive acids 
and alkahes. It is important to carefully examine the mouth 
and throat in cases of poisoning or of suspected poisoning of 
this kind. 

Irritant poisons. — These poisons, by their direct irritation of 
the mucous membranes with which they come in contact, set 
up inflammation ; as time is required for the production of 
this inflammation, the symptoms do not as a rule come on until 
half an hour to an hour, or longer, after taking the poison. 
The first symptom produced, as a rule, by an irritant poison is 
pain in the stomach and l)owels, due to the inflammation set up, 
which pain is generally referred at first to the epigastrium ; 
vomiting and purging as a rule soon occur, and, later on, as the 
poison becomes absorbed into the system, symptoms indicative 
of its action on the nervous centres, or on the heart, may appear. 

Acute jyoisojiing. — If the destruction of life by poisoning be 
rapid, it is called acute poisoning. 
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^hnmic poisoning.— it injury or death occur from the slow 
action of poison, it ia called chronic poisoning. Most poisons, 
which in large doses produce acute poisoning, may, if given 
in small and repeated doses, gradually kill or undermine the 
hefilth of the patient and so may net as chronic poisons. 
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The detection of poisoning in the living subject is a. matter 
of great importance to the medical man. as otherwise the 
symptoms produced hy a poison may he mistaken for those re- 
sulting frain disease, and, in consequence of the non-etnploynient 
of the antidotes and treatment necessary to counteract the 
QfTects of the poison, the death of the patient may result. 
Moreover, in cases in which a poison proves fatal, the sym- 
ptoms produced hy it may form an important part of the 
evidence as to its nature or identity, although it should be 
remembered that there are no absolutely charactei-istic sjin- 
ptoms of any poison. The following are the recognised and 
classical rides hy which the symptoms of poisoning may 
generally he distinguished from those of disease. 

1. In cases of poisoQ'ng the Bymptoms as a mle are sudden 
in their onset, and generally occur while the patient is in 
health. 

i. In cases of poisoning the Bymptoms frequently appear 
either after a meal, or after the taking of some food or medicine. 
This constitutes, perhaps, the most important indication of 
poisoning in the living subject. 

3. If several people eat at the same time of the same food 
or article, mixed with poison, they are all seized with similar 
symptoms. 

4. The recognition, perhaps, of a case of poisoning may only 
be made sure of by the detection of the poison in some of the 
food that has been partaken of, or in the vomited matters. 

These rules wiU now be briefly discussed. 
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I. With regard to the sudden appearance of symptoms in 
cases of poisoning, it should be borne in mind that they do not 
necessarily begin immediately after taking the poison. In 
cases of poisoning by hydrocyanic acid, oxalic acid, strych- 
nine and corrosives, the symptoms generally appear imme- 
diately, or within a few minutes after the swallowing of the 
poison ; but with poisons generally, the symptoms are not 
manifested till half an hour to an hour or longer has elapsed. 
Moreover the condition of the body with regard to disease may 
very considerably affect the incidence of the symptoms (see 
paragraph ' State of Health,' p. 100). 

II. In connection with the appearance of the symptoms soon 
after a meal, or after something has been partaken of, it should 
be remembered that perforation of the walls of the stomach by 
a gastric ulcer is most likely to occur after the ingestion of food, 
and that the symptoms produced by the perforation and the 
escape of food into the peritoneal cavity are likely to very 
closely simulate those of irritant poisoning. Moreover the 
poison may be introduced into the system in some other way 
than by the stomach (see p. 101). The diseases w^hich most 
simulate irritant poisoning are cholera (simulating poisoning 
by arsenic or antimony), ulceration of the stomach, gastritis, 
gastro-enteritis, peritonitis, and intestinal obstruction. Those 
which most resemble neurotic poisoning are cerebral hemor- 
rhage (which may simulate opium poisoning), epilepsy (which 
may resemble hydrocyanic acid poisoning), and tetanus (simu- 
lating strychnine poisoning). 

III. As to the seizing of several persons with similar sym- 
ptoms after partaking of the same food, it nnist be carefully borne 
in mind that symptoms very similar to those produced by 
metallic irritant poisons may be produced by food which has 
been rendered toxic by putrefactive or fermentative changes. 
This specially occurs in connection with mussels, pork, sausages, 
and some other kinds of food. In such cases the poisonous 
efifects are generally due either to a bacillary infection of the 
article of food, or to the production within it of a toxic substance 
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ioh 19 usually either n ptomaine or albumose {ficc chapter 
on Poisonous Foods, p. 407), 



Evidence of Poisoninq in the Dead Body 



The additional evidence as to poisoning that is obtained 
after the death of a person may l)e l)est discussed under the 
three following heads : — 

1. The period after the first occuiTence of symptoms at 
which death has taken place, 

2. The evidence that may lie obtained from a post-mortem 
examination of the body. 

3. The evidence that may be obtained from an analysis of 
the contents of the stomach, and of the various viscera. 

I. The period at which death takes place after the first 
occurrence of symptoms is a matter of great importance, as 
fatal doses of the commoner poisons usually produce death 
within fairly definite perio<ls of time. The medical w-itness is 
frequently asked to stale the iisuul period of time within which 
a poison proves fatal ; this period may of course he very much 
affected by the quantity of poison taken, and the form in which 
it was adiuinistered (whether in solution or not). The average 
period of time that a poison takes to kill may certainly he given 
by the medical witness, hut it is advisable to lay more stress 
upon the shortest time in which a certain poison has produced 
death, since, if it has once produced death in such a time, it may 
do BO again. 

II. A post-mortem examination of the body is one of the 
most important means of deciding, or of suspecting, whether a 
person has died from poison. The external examination of the 
body is not of much use in furnishing a clue as to whether it is 
a case of poisoning or not. The old idea that the bodies of 
persons who were poisoned putrefied more rapidly than those 
who have died from natm-al causes is an entirely erroneous one, 
but in connection with cases of poisoning it must be borne in 
miod that, excepting the coiTosive poisons, which always leave 
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evidence of their introduction into the system, other poisons 
may destroy life without leaving any changes that can be 
detected by the naked eye at the post-mortem examination ; 
such cases, however, are not very common, but in the event of 
such the proof of poisoning has to rest upon the analytical 
examination. 

It is, of course, a matter of great importance that the appear- 
ances and changes produced within the body as a result of dis- 
ease should not be confounded with those produced by means 
of poison. These appearances and changes are mainly to be 
met with in the stomach and intestines, and consist of — (a) Red- 
ness ; (6) Ulceration ; (c) Softening ; (d) Perforation. As each 
of these conditions may be produced either by disease or by 
poison, it will be well to discuss the methods by which they 
may be distinguished according to their causation. 

(a) Redness. — Redness of the mucous membrane of the 
stomach and intestines is usually produced by irritant poisons, 
as a result of the inflammation set up by them ; the redness is 
generally of a deep crimson colour, which becomes brighter 
when the mucous membrane is exposed to the air; the 
colour may be difiFused over the whole mucous surface, or it 
may be in irregular patches, dots, or striaB, but it is usually 
most marked about the cardiac end of the stomach. The red- 
ness of the mucous membrane of the stomach and intestines 
may be due to inflammation as a result of disease, as in the 
various forms of gastritis and gastro-enteritis. In many cases 
only a knowledge of the symptoms which preceded death, or 
the chemical detection of the poison in the contents of the 
stomach or in some of the other viscera, would enable a medical 
man to decide whether death was due to natural disease or to 
poisoning. In the healthy state the mucous membrane of the 
stomach is pale and grey, except during digestion, when it is 
slightly reddened, and this slight redness may remain in the 
stomachs of those who have died somewhat suddenly whilst 
digestion was going on. Moreover, as demonstrating the fact that 
colour alone should not be taken as an indication of inflamma- 
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tion, it is to be remembered that, where the stomach has been 
in contact with the liver or the spleen after death, it frequently 
acquires 11 deep reddisb-browu colom- from the transudation of 
blood, and a similar colom' may be produced by the gravitation 
of blood to the posterior walls of the etomaohor intestines after 
death. In addition, some articles of food or of medicine con- 
taining colouring matter may have been taken ; some fruits, for 
instance, colour the gastric mucous membrane, and copious 
draughts of iced water are also stated to have produced redden- 
ing of the mouihrane of the stomach. 

(/i) UloeratiDlL— In cases of coiTOsivo poisoning, ulceration 
or corrosion of the nuicous membrane of the stoinacb is common, 
and ulceration is also found on rare occasions in connection with 
irritant poisoning ; but ulceration of the stomach is a far more 
common result of disease than of the action of poison. The 
distinguishing features of an ulcer of the stomach produced by 
disease, and an ulcer the result of poison, are as follows : — 

Dlceralion 2>''odticcii hy disease— hi such a case the mucous 
membrane is only infianied in the neighbourhood of the ulcer. 
The ulcer, as a rule, ia situated on or near the lesser cuiTa- 
lure of the stomach ; it generally presents a clean punched-out 
appearance, and, as a ruie, is of moderate size. The edges ai'c 
raised and liai'dened, being frequently more or less cartilaginous 
to the touch. The idcer may extend ouly through the mucous 
roembtane to the muscular walla, or it may pass tln-ough the 
muscular coats to the peritoneum, or it may perforate the 
peritoneum, and so produce a perforating gastric idcer. Its 
shape is generally conical, the widest part of the cone being 
situated next to the mucous membrane, and the narrow pari of 
the cone being towards the outer wall of the stomach. 

UtcemliitJi produced hij poison. — The redness of the mucous 
membrane is diffused, and is not limited to the immediate 
neighbourhood of the ulcer. The edges of the ulcer aie not, as 
a rule, hardened and raised, but are usually soft and ragged ; 
the ulcer is not conical in shape, but its outline is generally 
irregidar. 
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[c) Boftening. — This, as a result of poisoning, is generally 
produced by corrosive poisons, so that in cases of softening 
resulting from poisons, the efifects of the corrosive action will 
generally be found in the mouth, throat and gullet. Of the 
corrosive poisons, the alkahes are especially apt to produce 
softening. 

(d) Perforation. — The stomach may become perforated from 
the following causes : — (1) The action of a corrosive poison ; 
(2) Disease ; (3) The post-mortem solvent action of the gastric 
juice. The following are the distinguishing features of these 
dififerent modes of perforation of the stomach : — 

1. Perforation prodnced by poisons. — This especially occurs 
in connection with poisoning by the strong mineral acids, and 
of these sulphuric acid is the commonest cause of perforation 
of the stomach. In connection with perforation caused by 
sulphuric acid, the walls of the stomach are blackened and 
usually extensively destroyed. 

2. Perforation caused by disease. — This is by no means an 
uncommon condition ; the diagnosis of it is important, since the 
effects of perforation of the stomach by disease are very apt 
to be mistaken for acute poisoning, as a gastric ulcer is most 
liable to perforate suddenly and soon after taking a meal. The 
symptoms may come on while a person is in the apparent 
enjoyment of good health, and the sudden severe abdominal 
pain and collapse, which are the result of the escape of the 
contents of the stomach into the peritoneal cavity, may closely 
simulate the symptoms of acute poisoning. If the perforation 
be the result of a gastric ulcer produced by disease, it is readily 
recognised at the post-mortem examination ; the aperture is 
oval or rounded and of small size, the situation is near the 
lesser curvature of the stomach, the edges are smooth and 
thickened, and the ulcer is funnel-shaped, the wide part of the 
funnel looking into the interior of the stomach, and the narrow- 
part being situated at the base. 

3. Perforation due to the post-vwrtein solvent action of the 
gastric juice.— In perforation of this nature the aperture is 
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situated on the posterior wall of the stomach (provided the 
corpse has been lying on the bfiek) ; it is vary large, of an 
Irregular fomi, and has ragged pulpy edges ; the oiucous mem- 
brane is not inflamed, and the edges of the perforation are free 
from the colour-changes produced by the action of corroaive 
poisons. 

Rules fob the Investigation of a Cabe of Poisoniko 

When called to a case of poisoning, if the patient be alive, 
the fii-Ht duty of the medical man is to use every effort to save 
the lite of the individual. Full directions as to the treatment 
that should be employed, and the antidotes that shoidd be 
administered, will be given in connection tvith the individual 
poisons. But, in addition, it is the duty of the medical man to 
note down any circumstances which may lead to the detection 
of the perpetrator of the crime. The following are the points 
to which tlie attention of the medical attendant should be chiefly 
directed, apart from the treatment of the patient :- - 

1. The time at which the symptoms commenced, and the 
nature of the symptoms. 

2. The time at which the symptoms commetJced after iho 
last ingestion of food or medicine. 

3. The occurrence of any recentprevious illmisa from which 
the patient may have suffered. 

4. If the patient has vomited, the vomit should be collected. 
or, if necessary, scraped up from the floor ov from the di-ess, 
bedding, or carpet ; if necessary, a portion of the dress, beddingf' 
or carpet containing the vomit should be cut out and preserved. 

5. The nature of the food recently taken by the patient 
should be ascertained, and if suspicion attaches to any ai-ticles 
of food, these should be seciu'ecl by the medical man and 
preserved under seal. 

If the death of the patient occur, in addition to attending 
to the points just mentioned, note should also be made of the 
following : — 

(1) The exact time at which death occurred. 
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(2) The position of the body with regard to surrounding 
objects ; its attitude, and the condition of the dress. 

(3) All surrounding objects should be carefully observed, 
and any bottles, packets, or weapons in the room should be 
collected and preserved. 

(4) The condition of the body as to lividity or pallor should 
be noted, and also whether the countenance presents a dis- 
tressed or calm appearance. 

In connection with the post-mortem examination of a 
suspected case of poisoning, especial attention should be 
directed to the following points:— (i) A note should be made 
of the time after death at which the post-mortem examination 
is being made, (ii) The presence or absence of rigor mortis 
should be noted, and if present, the parts afifected by it. (iii) 
The external appearance of the body, whether hvid or pallid, 
should be noted, and whether marks of violence or of blood are 
present, (iv) The state of the abdominal viscera should be care- 
fully observed ; if the stomach and intestines are opened, the 
exact seat of any inflammation that may be found should be 
carefully noted, and the contents should be preserved in separate 
vessels. (v) If the stomach be left unopened, it should be 
ligatm*ed at both ends, removed, and placed in a clean glass jar ; 
if it be opened, the contents should be poured into a graduated 
vessel, and a note made at the time of the quantity, odour, 
colour, reaction to test-paper, and anything peculiar or noticeable 
as to the nature of the food, (vi) The liver and gall-bladder 
should be removed and preseiTed in clean vessels for chemical 
examination, (vii) The bladder, with any urine in it, should be 
removed, and the urine preserved in a clean bottle for the pur- 
poses of analysis, (viii) All the other organs of the body, in- 
cluding the heart, trachea, lungs, oesophagus, and brain, should 
be carefully examined. 

It is most important that attention should be given to the 
last-mentioned point, since one gi'eat object of the examination 
of any case of death from poisoning is to show that the person 
could not have died from any natural cause, and in connection 
with cases of poisoning, counsel defending accused persons 
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e a rigorous crosa-examinntion as to the condition 
of the heart, lungs, and brain, and if any of those organs hitre 
not been properly examined, they may contend that the cause 
of death may have been present in the organ not subjected to 
exiimination. For the detailed method of coiidiictinfi the post- 
mortem examination, see p. H7. 

Identity of sabstanceB preserved for analysis after a poat- 

I mortem eKamioation ia a case of snepected poisoninff.- It is the 

I duly of the uwA\<:.-A man to c.ivcfiill> wcuru and si^ai vomited 

I' matters, as well as the liquids and viscera taken from the body 

of the deceased, in clean vessels, and to atlix a label to each 

vessel stating the nature of its contents, the name of the 

deceased, and the date of removal ; the signature of the medical 

man should be added to everj' label. This la necessarj-, as the 

law insists that pi-oof of the identity of the various articles 

should be forthcoming. The vessels in which the viscera are 

I secured should I>e wide-mouthed glass jars, which should he 
thoroughly cleaned out by being first scoured with sand, then 
rinsed with strong hydrochloric acid, and afterwards thoroughly 
washed with wat«r. No antiseptic should he added, and the 
vessels should be covered over with oil-silk, which should he 
I tied down, and a seal aflixed to the string. Calico, linen and 
paper of all sorts should not l>e employed for covering the 
vessels, since these articles may have arsenic or lead in the 
dressings that have been used in their preparation. 

General Tbeatment of Cases of Poironiko 

In the treatment of a case of poisoning, the following are 

the various modes of procedure :— (i) Either remove the poison 

from the stomach, or neutralise it, or render it insoluble by the 

administration of suitable antidotes, (ii) Overcome the effects 

I of that portion of the poison which has been absorlwd. and 

I promote its elimination by suitable treatment, (iii) Alleviate 

S any dangerous symptoms, and endeavour to keep the patient 

fl alive till the effects of the poison have passed off. 

I VOL. I. I 
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Tlieso metlioJa of treatment requii'e brief discussion. 

I. The removal cA the poison from tbe stoiimuh ni&y be I 
effected either by the induction of vomiting by emetics or other- 
wise, or by employing the stomach-pump or stomach -tube. 
Vomiting may bo induced by emetics, of which perhaps the j 
safest is a dessert-spoonful or table spoonful, according to the | 
age of the patient, of flour of mustard stirred up in about half ft 
tumblerful of water, and fjiven to the patient to drink ; otlter \ 
emetics are sulphate of zinc in doses of fifteen to thuty grains, \ 
the h\'podermic injection of one-tenth of a grain of apomorphine, 
powdered ipecacuanha in fifteen to thirty grain doses, carbonate 
of ammonia in twenty to thirty grain doeen, sulphate of copper 
in five to ten grain doses, and copious draughts of tepid 
water. 

Poison may also be removed from the stomach by meaas of I 
the stomach-pump, provided that instrument bo handy, and this I 
has the advantage of enabling the operator at the same time 1 
to thoroughlj- wash out the stomach of the patient. When 1 
eniploving the stomacli-pump, the patient should if possible b& I 
made to sit in a chair with the body partially reclining ; if this J 
be impossible, the person may be laid in the recumbent position, T 
and the gag provided with the stomach-pump should then be J 
placed between the teeth, and held in position by an assistant I 
standing behind the patient. The end of the tube of the pump.l 
should be smeared over with vaseline or glycerine, and pasae^'l 
through the central hole of the gag down the oesophagtUll 
into the stomach ; this can be easily effected if the end of thai 
tube be first lient into a slightly cur\-ed position, and then paasedl 
well to tho back of the pharynix and kept in contact with its 4 
posterior wall while it is being pushed down. When the end 
of the lube has been passed into the stomach, the pump should { 
be attached, and before any of the contents of the stomach aro I 
removed, a pint of wann water should be injected. The pump ( 
is then worked so as to withdraw about a pint of the contents \ 
from the stomach, and then a second pint of warm water t 
injected and a similar amount withdrawn ; thia is repeate 
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four or five times. In this way the stomach is prevented from 
being at any time entirely empty, as otherwise injury to its 
coats might result. 

In the place of the Btomach-pump, the removal of the con- 
tents and the washing out of the stomach may he effected by 
syphonage by means of the stomach-tuhe. For this piu-pose 
about five tcet of india-rubber tubing of the size of the little 
finger are required, with a glass tunnel attached to one end. 
The free end of the tube is passed down the msophagus into 
the stomach, the passage being readily eS'ected as soon as the 
tube gets into the grip of the constrictors of the pharynx. The 
funnel is then held as higli as the tube will allow, and a pint of 
warm water is gradually poured down it into the stomach ; 
before the last portion of water has left the funnel the tube 
just below it is tightly pinched between the finger and thumb of 
the operator, and the funnel is lowered below the level of the 
patient's stomach and held over a basin or pail ; the contents 
of the stomach then flow over by syphon action. The funnel 
is again raised, and the process of pouring in warm water and 
removing it by syphonage is repeated four or five times. In 
cases of poisoning with corrosives, it should be carefully borne 
in mind that neither emetics nor the stomach-pump should be 
employed, as rupture or perforation of the walls of the oesophagus 
or of the stomach is hable to be the result. 

Antidotes may be administered in order to neutralise the 
chemical action of the poison, or to render it insoluble and 
inert, or to produce a physiological antagonism to its action, 
or simply to exert a mechanical action. The various antidotes 
will be described in connection with the different poisons. 

II. The effects of that portion of the poison which has been 
absorbed may be counteracted by suitable treatment. With 
those poisons which tend to produce asphyxia, artificial respira- 
tion may Ite resorted to ; with those that tend to depress or 
stop the action of the heart, cardiac stimidants can be used ; in 
cases of narcotic poisoning the patient may be roused by being 
kept moving ; and in the cases of those poisons which produce 
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convulsions by excessive stimulation of the nervous centres, 
sedatives can be employed. The means employed to overcome 
the effects of poisons after absorption, and to promote their 
ehmination, will be fully described in connection with the 
various poisons. 

III. The modes of "alleviating dangerous symptoms in cases 
of poisoning, and of keeping the patient ahve till the effects have 
passed away, will also be fully described in connection with the 
individual poisons. 



Method of Procedure in the Examination of the 

CONTENTS OF THE StOMACH, ViSCERA, &C., FOR PoiSON 

Notes should be made of the number of jars or vessels 
received, the condition in which they are received, w^hether 
sealed, and whether the wrappers are likely to have con- 
taminated the contents. Copies should be made of the de- 
scriptions of the contents of the jars as given on any affixed 
labels. After opening the jars and vessels, notes should be 
made of the appearance, smell, colour, and reaction to test- 
papers of the contents ; the w^eight of soHd substances and 
the volume of liquids should be determined. The jars, seals, 
wrappers and labels should be preserved for production, if re- 
quired, in a court of law. 

If the stomach be unopened and tied at the oesophageal and 
pyloric extremities, it should be cut open and the contents 
transferred to a shallow evaporating dish. Careful examination 
should be made as to the nature of the food, the colour of the 
contents, and the presence of any peculiar smell ; and a minute 
search should be instituted for any abnormal constituents, such 
as white or coloured powders, seeds, leaves, &c. The stomach 
contents should then be transferred to a graduated glass vessel, 
and their volume determined. The stomach itself should next 
be laid on a clean dish or sheet of glass, and the mucous coat 
carefully examined first with the naked eye and then w4th a 
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t^B, note being made of any pathological apjjearances, such as 
oongeBtion, inflammation, thickening, softening, erosion, ulcera- 
tion, perforation, or hjemoiTliages ; careful aciu-ch should also 
be made for the presence on the mucous membrane of particles 
of powders, crj'stalhne fragments, seeds, leaves, Ac. The 
raucous surface of the stomach should next be washed with 
distilled water, the washings being added to the contents of the 
stomach. 

lu the majority of cases where a tosicological investigation 
is required, there is some clue as to the nature of the poison, 
and direct search is then made for that poison ; the presence or 
absence of other poisons, however, should always be determined. 
If there he no clue as to the nature of the poison, a syste- 
matic analysis must be undertaken. The duty of the toxicologist 
is not only to discover the poison in the contents of the stomach 
of the deceased (since it may have been introduced there after 
death), but also to detect it, in the absorbed state, in the viscera. 
ICxhaustive details as to the analytical procedures would be out 
of place in this work, but full accounts of the various testa will 
he found in connection with the descriptions of the different 
poisons, and the following is an indication of the method of 
procedure when a systematic analysis is required. 

I. Volatile poisons, such as hydrocyanic acid, alcohol, 
chloroform, ic, may be separated by distillation of the contents 
of the stomach, or of the finely divided viscera, after acidulatiou 
with tartaric acid. 

I I. Arsenic is best sepai-ated from the viscera, &c. by drj'ing 
the organic substance and distilling with strong hydrochloric 
acid (see p. 168). 

in. Other metallic poisons may be tested for, either before 
or after the destruction of organic matter. If the organic 
matter is to be destroyed, the following process, known as the 
inoisi nietficd, is the preferable one ;— The contents of the 
stomach, or the viseua reduced to a pulp, are mixed with 
water to the consistence of thin gruel, and then pliieed in a 
large flask with some ciystals of potassium chlorate. About 
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half an ounce of the chlorate is required to each pound 
weight of the liquid mixture. Pure hydrochloric acid is then 
added, and the flask gently heated on the water-bath, when 
a mixture of chlorine and the oxides of chlorine is evolved, 
which breaks up the organic matter, and converts any mineral 
poison that may be present into a chloride. If necessary, 
either more hydrochloric acid or more potassium chlorate 
should be added, until the hquid becomes limpid, or assumes a 
light yellow colour. It is then transferred to an evaporating 
basin, and heated on the water-bath until the smell of chlorine 
has entirely disappeared, when it is filtered hot. After the 
filtered hquid has cooled, a stream of sulphur dioxide is passed 
through it to reduce any metals in the higher state of oxidation 
to the lower state. If the liquid be filtered hot, as advised, lead, 
if present, will pass into the filtrate, as chloride of lead is very 
appreciably soluble in hot water. The only metallic poison 
that would escape detection by this process is silver, the 
chloride of which is insoluble in both cold and boihng water, 
and so would not pass through into the filtrate. It is therefore 
necessary to make a special examination for silver. 

IV. Alkaloidal poisons must be separated and purified by 
the general process for the extraction of alkaloids (see p. 254). 

The detection of absorbed poison in the viscera is in the great 
majority of cases positive evidence of absorption during life, 
but it should be remembered that post-mortem imbibition can 
occur. Thus, if a solution of a poison be introduced by means 
of a tube into the stomach of a corpse, the liquid can penetrate 
the walls of the stomach by osmosis, and thence pass into the 
adjacent viscera. Poison may also be introduced into the body 
after death in the process of embalming, such as by the injection 
of arsenical or mercurial solutions into the blood-vessels. 

Poisons 

The different poisons will now be fully considered and 
described, employing in each case the following order : — 
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1. The symptoms produced by the poison. 

2. The treatment and antidotes to be employed. 

3. The post-mortem appearances resulting from a lethal 
dose of the poison. 

4. The fatal dose of the poison. 

5. The fatal period or time that elapses before death occurs. 

6. The tests by which the poison may be detected. 
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INOKGANIC POISONS 



COBROSIVE POISONS 



CHAPTEE IX 

PoisoniDg by Bulphuric acid — Nitric acid and its fumes— Hydrochloric acid 
— Oxalic ncid and salt of sorrel - Caustic potash —Caustic soda- 
Ammonia. 

Sulphuric Acid 

Sulphuric acid, or oil of vitriol as it is commonly known, is 
more extensively employed in the arts and manufactures than 
any other acid. It is occasionally taken for the purpose of 
suicide, especially by women. Poisoning with sulphuric acid 
is perhaps more commonly the result of accident, as the acid 
is frequently kept in ginger-beer and other bottles, and so is 
accidentally swallowed by children. Apart from poisoning by 
sulphuric acid, injury to the person may be the result of vitriol- 
throwing, which is occasionally resorted to by persons in fits of 
jealousy or of rage. Vitriol-thrownng is more common on the 
Continent than in this country, and is punished by law as a 
felony. 

Symptoms.— If sulphuric acid be swallowed in a concentrated 
form, the symptoms come on immediately. They are : — 
(i) Violent burning pain in the throat and oesophagus dow-n to the 
stomach ; the pain is veiy severe and the body is generally 
bent to relieve the tension of the corroded a?8ophagus and 
stomach, (ii) Retching and vomiting speedily occur, the 
vomited matters are generally frothy, and contain a dark coflfee- 
gioundhke substance mixed with blood, and shi'eds of dis- 
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coloured mucous membrane, (iii) The mouth is excoriated 
from the corrosive action of the poison; the surface of the 
tongue is at first whitened, and later on assumes a brown colour. 
In those rare cases in which sulphuric acid has been given in a 
spoon to an infant, the raouth may escape excoriation, from the 
acid having been passed at once to the back of the fauces, 
(iv) Great difficulty of breathing occurs ; the respiration is 
noisy and the face is generally cyanosed. (v) Great thu*st is 
experienced ; swallowing is difficult or impossible on account 
of the corrosion and swelling of the membrane of tlie pharynx 
and oesophagus, and the consequent pain in the attempt to 
swallow, (vi) Obstinate constipation occurs in almost all 
cases, but on rare occasions diarrhoea has been produced. 

The diess of the patient should be carefully examined for 
spots of staining or corrosion with the acid. 

Treatment and antidotes. — The employment of emetics and 
the use of the stomach-pump should always be avoided. The 
first object is to neutralise the acid that has been swallowed ; 
for this purpose the administration of half an ounce to an ounce 
of magnesia (magnesium oxide) in a tumblerful of water forms 
the best antidote. If magnesia be not at hand, some form of 
calcium carbonate or chalk should be used ; this is to be 
obtained in most houses in the form of whiting, which is used 
for polishing plate ; half an ounce to an ounce of it should l>e 
crushed up and given in a tumblerful of water. If whiting be 
not procurable, the plaster removed from a ceiling or cornice 
may be crushed up and administered in water ; carbonate of 
soda (washing soda) may also be employed to neutralise the acid. 
If none of these substances can be procured, plenty of water 
may be given to drink in order to dilute the acid, and so lessen 
its corrosive and imtant action. 

A hj-podermic injection of moi-phine should be administered 
to alleviate the pain. The further treatment consists in tliu 
employment of demulcent and mucilaginous drinks, such an 
linseed tea, milk and barley water, milk and lime wat^rr, ahuotnl 
mLxture, or oHve oil emulsion. The employuieut of tnitritnii 
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enemata may be required in cases in which the patient is* 
unable to take food by the mouth. The burns on the skin 
should be treated by the application of Unseed oil and lime 
water liniment. In rare cases where dyspnoea is urgent and 
death is threatened by sufiFocation, the operation of tracheotomy 
may be necessary. 

Post-mortem appearances. — If the case has been a rapidly 
fatal one, the mucous membrane of the throat will be found 
white and softened. The mucous membrane of the oesophagus 
is generally corroded and of a brownish-black colour ; cases, how- 
ever, have been recorded in which the oesophagus has escaped 
the action of the poison, although the latter has passed down it 
into the stomach. The stomach is found collapsed, constricted, 
and frequently perforated ; the contents are of a tarry nature 
and consist in great part of mucus and blood, the latter being 
partly changed into hsematin. The mucous membrane of the 
stomach may be slimy in consistence, or corrugated, or 
removed in parts ; it is dark-coloured or even black in patches, 
the parts surrounding the corroded patches showing signs of 
inflammation. On removing the blackened membrane from 
a patch, the red colour of inflammation may be seen in the part 
beneath. Signs of the con-osive action of the poison may be 
found in the duodenum. In the blood-vessels clots have been 
found. In some cases of sulphuric acid poisoning pathological 
changes have been observed in the kidneys, consisting of 
destiTiction of the renal epithelium. 

Sulphuric acid may act fatally, without reaching the stomach, 
by passing into the larynx and causing so much sw^elling of 
the parts as to close the air-passages, and so produce death by 
suffocation ; this has been observed in children. 

Fatal dose.— The fatal eff^ects of sulphuric acid are due rather 
to the strength of the acid than to the quantity taken ; the 
amount of food that may be present in the stomach at the time 
also materially affects the action of the acid, so that a dose of 
sulphuric acid w^hich might prove fatal if taken on an empty 
stomach, would probably not have a similar effect if taken upon 
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Each. The smallest dose of sulphuric acid that has 
proved fatal occurred in the case of u child, one year of age, and 
consisted of half a teaspoonful or about forty uiinims. The 
smalleat quantity that has praved fatal to an adult is one tea- 
spoonful or a fluid drachm. 

The prognosis in cases of poisoning with sulphuiic acid is 
not good, about two-tliirds of the cases proving fatal. Eecovery 
has taken place after swallowing one Hiiid ounce of the strong 
acid, and one case is recorded of recovery after taking three 
ounces (l)y weight?) of the commercial sulphuric acid. 

Patal period. — The shortest time in wldch sulphuric acid 
has produced a fatal result is three -(juartei-s ot an hour (on this 
occasion three fluid ounces and a half of Iho concentrated 
acid were taken). The usual period in which sulphuric acid 
kills, if death result from the primaiy effects of the acid, is 
from eighteen to twenty-four horn's. If death occur soon 
after taking the poison, it may be due to shock, to suffocation 
from swelling of the glottis, to pulmonary thrombosis or 
emhohsm due to the action uf the acid oa the Mood, or to per- 
foration of the stomach. Death may occur h-am exhaustion 
towards the end of the first week, on account ot the inabihty to 
take or assimilate food. Finally death may occur weeks or 
months after the poison has been taken, eitlier fi'om destruc- 
tion of the gastric glands, and consequent emaciation from 
inability to assimilate food, or from stricture of the (ssophagus 
produced by the contraction of an cesophageal ulcer in the pro- 
cess of heahng. 

Analysis and tests. — To extract sulphuric acid from organic 
admixtures, such as the contents of the stomach, digestion of the 
organic substance with alcohol is required ; on suhseqxient filtra- 
tion the free stdphuric acid is found in the filtrate, the acid 
reaction of which may be determined by test-papers. The 
filtrate Is then neutralised with caustic potash, evaporated to 
dryness, and the residue dissolved in distilled water acidulated 
ith hydrochloric acid; to tliis liquid the tests for sulphuric 
acid are applied. 
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Free sulphuric acid cannot always be detected in the tissues 
of those who have succumbed to its poisonous action, on 
account of its absorption into the circulation, and its neutra- 
lisation by the sodium carbonate of the blood. The detection 
of sulphuric acid is based upon the recognition of an acid by 
its reddening effect upon blue litmus paper, and by the follow- 
ing tests : — 

I. Sulphuric acid gives with solution of barium nitrate a 
white precipitate which is insoluble in strong hydrochloric 
acid. 

II. Sulphuric acid gives with solution of lead nitrate a 
heavy white precipitate which is insoluble in nitric acid. 

III. To detect sulphuric acid in stains on cloth or other 
fabrics, the stained portion should be cut out and digested in 
alcohol with gentle heat ; the filtered liquid, if sulphuric acid be 
present, will have an acid reaction, and, after dilution with 
water, will answer to the tests given above. Sulphuric acid may 
in this way be detected in clothing after the lapse of many 
years. Fresh sulphuric acid stains may be recognised by their 
dampness ; old stains by the destruction of the organic fabric. 

Nitric Acid 

Nitric acid is also known as aquafortis or red spirit of nitre. 
The symptoms produced by poisoning with this acid are very 
similar to those produced by sulphuric acid, but instead of 
blackening the tissues with which it comes in contact, nitric 
acid stains them a yellow colour. The fumes of nitric acid may 
also produce poisonous effects. 

Symptoms. — If the acid be swallowed in a concentrated form, 
these come on immediately, and are as follows : — (i) Violent 
burning pain in the throat and oesophagus, extending down to 
the stomach ; the pain is severe, and the body may in conse- 
quence be bent or almost doubled up. (ii) Ketching and 
vomiting ; the vomit contains blood, but the vomited matters 
are not so dark as in the case of sulphuric acid poisoning, and 
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the shreds of mucous membrane that may be vomited up are 
frequently of a yellowish colour, (iii) The lips, tongue, and 
mucous membrane of the mouth are excoriated, the tongue 
generally being of a citron-yellow colour, (iv) Great difficulty 
of breathing, as, on account of the fumes evolved from nitric 
acid, the air passages are more likely to be affected than in 
cases of sulphuric acid poisoning. Frequent rigors may also 
occur, (v) Obstinate constipation is generally present. 

The dress of the patient should be carefully examined for 
the yellow stains produced by nitric acid. 

Treatment and antidotes. — The same as in connection with 
sulphuric acid poisoning (see p. 121). 

Post-mortem appearances.— The skin of the mouth and 
Hps is stained an orange-yellow to a brown colour whore 
contact with the acid has occurred, and there may be yellow 
spots upon the hands and neck, if any of the acid has been 
dropped on those parts. The mucous membrane of the 
oesophagus is softened, and is of a yellow or brownish colom* ; 
the mucous membrane of the stomach mav be of a vellow-brown, 
or occasionally of a greenish colour, through the action of tluj 
nitric acid on the colouring matter of the bile ; it is soft(»n(?d 
and easily detached. The stomach is on rare occasions pei- 
forated. In the duodenum similar or modified changes may be 
found. 

Fatal dose. — The smallest quantity of nitric acid that has 
proved fatal is two fluid drachms, licjcovery has taken place 
after half a fluid ounce of the strong acid has been taken. 

Fatal period. — The shortest time in which nitric acid has 
proved fatal is one hour and three-quarters. Genen'ally, death 
takes place in from twelve to twenty-fom* hours. In infants, 
however, if the acid be poured into the mouth, death may take 
place in a few minutes from suffocation, provided the nitric 
acid passes into the air-passages and occludes them by causing 
the mucous membrane to swell. A patient may recover from the 
immediate effects of nitric acid, and yet die weeks or months 
afterwards from emaciation, caused by the destruction of the 
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gastric glands and consequent inability to assimilate food. On 
one occasion a woman died from exhaustion eight months after 
having swallowed nitric acid. 

Analysis and tests.— Nitric acid can be separated from 
organic admixture by dilution with distilled water and subse- 
quent filtration. The detection of nitric acid is based on the 
acid reaction of the liquid to test-paper and on the following 
tests : — 

I. To the solution contained in a test-tube two or three 
crystals of fen-ous sulphate are added, and the tube shaken 
for a few seconds ; strong sulphuric acid is then poured 
down the side of the tube so as to form a layer at the bottom ; 
if nitric acid be present, a black or dark brown colour will 
appear at the junction of the two hquids. 

II. To the solution add some copper turnings, apply a gentle 
heat, and then carefully add strong sulphuric acid, when, if 
nitric acid be present, a liberation of a colom*less gas (nitrogen 
dioxide) occurs, which assumes a reddish-brown colour as it 
mixes with the air in the test-tube. 

III. If a solution containing nitric acid be neutralised with 
potassium or sodium carbonate and evaporated to dryness, on 
adding to the residue when cold a few drops of strong sulphuric 
acid and then stirring in a cr}'stal of brucine, a bright blood-red 
colour is produced. 

IV. If to a Hquid containing nitric acid an aqueous solution 
of diphenylamine be added, and some concentrated sulphuric 
acid gently poured down the side of the test-tube so as to form 
a layer at the bottom, a blue ring develops at the junction of 
the two liquids. 

Poisoning by Nitric Acid Fumes 

Death from the fumes of nitric acid has occurred in several 
instances, occasionally from exposure to and inhalation of, the 
fumes consequent on the breaking of a large vessel of nitric 
acid. In such cases no serious symptoms have been noticed 
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or experienced for an horn- or more after the inhalation of the 
fumea, but generally within from two to a few hom-a, difficulty 
of breathing, and coughing occur, accompanied by a sense of 
tightness in the lower part of the throat. If death take place, 
it rapidly enHuea, aa a rule in from about eight to ten hours, 
the symptoms resembling those of capillary bronchitis or pneu- 
monia. The cause of death is asphyxia from blocking of the 
bronchial tubes with the softened and swollen mucous mem- 
brane, and from effusion of blood-stained mucus 1 the asphyxia 
is, no doubt, accelemted by the paralysing action of the acid 
on the terminations of the vagi in the lungs, causing the respi- 
ratory reflex to be cut ofl'. 

Death from Bolpharic and nitric acida.— In 1889 a man 
named Lipski was convicted of the murder of a woman, by 
pouring nitric acid down her throat whilst in bed. In 
reality, a mixture containing more sulphuric than nitric acid 
was employed. Such a mixture converts cellulose (wood and 
cotton) into nitro- cellulose, which substance was found by 
Stevenson in the stains on the deceased woman's linen, and 
also in wood cut from the floor of the room in which the 
munier was committed. 

HydbochjjObic Acid 

Hydrochloric acid is also known as muriatic acid, spirit of 
salt, or commonly as spirits of salts. 

BymptomB.— The symptoms are similar to those produced 
by sulphui-ic or nitric acid (see pp. 120, 124). Hydrochloric 
acid does not, however, stain the skin with which it cornea in 
contact, and although it may produce darkening of the mucous 
membrane of the oesophagus and stomach from its action on 
the blood, yet it does not, aa a rule, produce the amount of 
blackening that sulphuric acid does. Hydrochloric acid is less 
active as a corrosive than either sulphuric or nitric acid, but 
on account of the ready evolution of its acid fumes, it is more 
apt to attack the air-passages than either of the latter. 
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Treatment and antidotes.— The same as in connection with 
sulphuric acid poisoning (see p. 121). 

Post-mortem appearances. — The mucous membrane of the 
mouth is white or grey where the acid has come in contact with 
it ; the mucous membrane of the oesophagus and stomach is 
inflamed and dark. Perforation of the stomach may occur, but 
is exceptional. 

Fatal dose.— The smallest fatal dose of hydrochloric acid is 
one fluid drachm, or a teaspoonful. Kecovery has taken place 
after swallowing two fluid ounces of the acid. 

Fatal period. — The shortest time in which hydrochloric acid 
has produced a fatal result is two hours ; the average period is 
twenty-four hours. Death has occurred several weeks after 
the swallowing of hydrochloric acid, from emaciation consequent 
on the destruction of the gastric glands, and subsequent in- 
ability to assimilate food. 

Analysis and tests. — Hydrochloric acid can be separated 
from organic admixture by distillation. The detection of 
hydrochloric acid is based upon the acid reaction of the liquid 
to test-paper, and on the following tests : — 

I. Silver nitrate gives with hydrochloric acid a white curdy 
precipitate, which is insoluble in strong nitric acid, but is 
soluble in solution of ammonia. 

II. If hydrochloric acid be warmed with manganese dioxide 
and strong sulphuric acid, chlorine is evolved, which may be 
recognised by its odour, and by the blue colour it imparts to 
potassium iodide and starch paper. 

Oxalic Acid ^ 

Oxalic acid is commonly used for cleansing and dyeing 

purposes, and also for bleaching straw hats, &c. It has been 

taken in mistake for Epsom salts. Oxalic acid is a powerful 

irritant poison, but it also acts as a depressant to the nervous 

system and heart. 

* Oxalic acid is an organic irritant poison, but is placed among the 
inorganic corrosive poisons for the sake of convenience. 
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Symptonu. — (i) A burning acid taate comes on imme- 
diately or soon after swallowing the acid, with great pain In the 
stomach, (ii) Violent vomiting occurs immediately or within a 
few minutes, and the vomited matters as a rule contain blood, 
(iii) Cold sweats and collapse generally supervene ; the respira- 
tion is gasping ; the extremities are cyanosed, or the cyanosis 
may be general ; the pulse is small and irregular, (iv) Spasms 
and convulsions may occur. If the poison be taken well diluted, 
the nervous ayniptoma are apt to be most prominent, and may 
even resemble narcotic rather than irritant poisoning. 

Treatment and antidotes.— The stomach-pump should not 
he employed. The object of the treatment is to neutralise thfl 
acid as speedily as possible, and to render it insoluble ; this is 
best efifected by the administration of some form of calcium 
carbonate or chalk, which can generally he obtained in the form 
of wkiting, kept in most houses for cleansing and polishing 
plate. About half an ounce to an ounce of this should he crushed 
up, mixed vrith half a tumberful of water, and atiminiatered to 
the patient. In the absence of this form of chalk, a portion of 
the ceihng or cornice of a room may be chipped off, crushed, 
and administered in a similar manner. In this way the oxalic 
acid is converted into the insoluble and inert calcium oxalate ; 
a similar result may be brought about by the administration of 
a pint or more of saccharated lime water. After rendering the 
poison inert by the antidote, the further treatment should be 
directed to overcoming the collapse by the administration of 
brandy either hj'podermically or in the form of enemata mixed 
with beef tea or milk ; as a rule, on account of the irritated 
condition of the stomach, the brandy cannot be retained if 
administered by the mouth. 

Poat-mortem appearances.— These vary with the amount of 
acid taken and the strength of the solution of the acid. The 
mucous membrane of the tongue, mouth, pharynx, and oeso- 
phagus may be whitened, and the lower part of the cesophagus 
may occasionally be found congested. The mucous membrane 
of the cesophagus may be eroded, while that of the stomach 
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Free sulphuric acid cannot always be detected in the tissues 
of those who have succumbed to its poisonous action, on 
account of its absorption into the circulation, and its neutra- 
lisation by the sodium carbonate of the blood. The detection 
of sulphuric acid is based upon the recognition of an acid by 
its reddening efifect upon blue litmus paper, and by the follow- 
ing tests : — 

I. Sulphuric acid gives with solution of barium nitrate a 
white precipitate which is insoluble in strong hydrochloric 
acid. 

II. Sulphuric acid gives with solution of lead nitrate a 
heavy white precipitate which is insoluble in nitric acid. 

III. To detect sulphuric acid in stains on cloth or other 
fabrics, the stained portion should be cut out and digested in 
alcohol with gentle heat ; the filtered hquid, if sulphuric acid be 
present, will have an acid reaction, and, after dilution with 
water, will answer to the tests given above. Sulphuric acid may 
in this way be detected in clothing after the lapse of many 
years. Fresh sulphuric acid stains may be recognised by their 
dampness ; old stains by the destruction of the organic fabric. 

Nitric Acid 

Nitric acid is also known as aquafortis or red spirit of nitre. 
The symptoms produced by poisoning with this acid are very 
similar to those produced by sulphuric acid, but instead of 
blackening the tissues with which it comes in contact, nitric 
acid stains them a yellow colour. The fumes of nitric acid may 
also produce poisonous effects. 

Symptoms. — If the acid be swallowed in a concentrated form, 
these come on immediately, and are as follows : — (i) Violent 
burning pain in the throat and oesophagus, extending down to 
the stomach ; the pain is severe, and the body may in conse- 
quence be bent or almost doubled up. (ii) Retching and 
vomiting; the vomit contains blood, but the vomited matters 
are not so dark as in the case of sulphuric acid poisoning, and 
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the shreds of miioous membrane that may be vomited up are 
frequently of a yellowish colour, (iii) The Ups, tougue, and 
mucous membrane of the mouth are excoriated, the tongue 
generally being of a citron-yellow colour, (iv) Great difficulty 
of breathing, as, on account of the fumes evolved from nitric 
acid, the air passages are more likely to he affected than in 
cases of sulphuric acid poisoning. Frequent rigors may also 
occur, (v) Obstinate constipation is generally present. 

The dress of the patient should be carefully examined for 
the yellow stains produced by nitric acid. 

Treatment and antidotes.— The sumo as in connection with 
sulphuric acid poisoning (see p. 1'21). 

Foat-mortem appearances.— The skin of the mouth and 
lips is stained an orange-yellow to a brown colour where 
contact with the acid has occuiTed. and there may be yellow 
spots upon the hands and neck, if any of the acid has been 
dropped on those parts. The mucous membrane of the 
cesophagus is softened, and is of a yellow or brownish colour ; 
the mucous membrane of thestomachmay be of a yellow-brown, 
or occasionally of a greenish colour, through ihc action of the 
mtrio acid on the colouring matter of the bile ; it is softened 
and easily detached. The stomach is on rare occasions per- 
forated. In the duodenum similar or modified changes may be 
found. 

Fatal dose.- The smallest quantity of nitric acid that has 
proved fatal is two fluid drachms. Becovory has taken place 
after half a fluid ounce of the strong acid has been taken. 

Fatal petiod. — The shortest time in which nitric acid has 
proved fatal is one hour and three-quarters. Generally, death 
takes place in from twelve to twenty-four bout's. In iutants, 
however, if the acid be poured into the mouth, death may take 
place in a few minutes from suffocation, provided the nitric 
acid passes into the air-passages and occludes them by causing 
the mucous membrane to swell. .\ patient may recover fi-om the 
immediate effects of nitric acid, and yet die weeks or months 
afterwards from emaciation, caused by the destruction of the 
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of phosphorus poisoning occurred, and which presumably was 
caused by inunction of rat-paste. The patient, a girl, previous 
to the occurrence of death, had most positively denied having 
taken any of the paste by the mouth, but at the inquest the 
interesting fact came out in evidence that the deceased girl 
had been giving a ' dark stance * to other girls, and had, just 
before the onset of the illness, rubbed the paste into her hands 
and face to produce blue flame. 

Symptoms. — Phosphorus is an irritant, and the symptoms 
of irritant poisoning may come on a few minutes after taking 
it, although generally there is an interval of some hours. The 
occurrence of the symptoms is, in a number of cases, very 
peculiar and interesting, and, for convenience of description, 
may be divided into the following three stages : — 

First stage. — (i) A garlic-hke taste in the mouth, (ii) Pain 
and oppression in the region of the stomach ; this pain is in- 
creased by pressure, whereas the pain of ordinary colic is relieved 
by pressure, (iii) Eructation of phosphorus vapours, with a 
pecuhar odour of the breath ; in some cases the breath has 
been seen luminous in the dark. The eructation of the vapours 
and their peculiar odour have been noticed four days after 
taking the poison, (iv) Vomiting, the vomited matters after a 
time being generally of a dark or tarry nature ; the vomit may 
be luminous in the dark, (v) Intense thirst is generally com- 
plained of. (vi) Purging is not a common symptom, but it 
occurs in about a quarter of the cases. Death may occur from 
collapse in the course of a few hours, or the patient, if suitably 
treated, may recover. In a number of cases, however, the fol- 
lowing complications or sequelsB result. 

Second stage. — This is a stage of intermission of the sym- 
ptoms. During this period, w^hich may last from two to three 
days, or longer, the patient may suffer from some malaise, or 
feehng of indisposition. Usually, if the case is proceeding to a 
fatal termination, after a period of two, three, or four days, the 
symptoms of the third stage commence. 

Third stage.— (i) Jaimdice sets in and rapidly increases. 
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The jaundice is first noticed by the conjunctival membrane 
becoming yellow, and afterwards by the yellow tint of the 
skin, (ii) The liver in a number of cases becomes greatly en- 
larged, and the abdomen distended, (iii) Vomiting ot altered 
blood frequently occurs, the vomited matters being black 
and grumouB. (iv) Purging may occur, and the motions 
may contain blood, (v) Gi'eat prostration of strength, (vi) A 
general tendency to haemori'liage ia common, such as bleeding 
from the gums, nose, and in women from the vagina ; sub- 
cutaneous and submucous hsEmoTrhages, producing purpuric 
spots, ecchymoses, and mottUngs under the skin and mucous 
surfaces also occur. (vii) The surface becomes cold; the 
pulse is quickened and feeble ; the urine ia scanty, high- 
coloured, and generally contains bile -pigments, and occasion- 
ally albumen, bloodcolouring-matter, and casts, (vili) Coma 
supervenes, and death occurs in the majority ot cases about the 
fifth or sixth day. In only a few cases has recovei-y taken 
place after the supervention of enlargement of the liver and 
jaundice from phosphorus poisoning; when this doea occur 
the hver graduaUy retm'ns to its normal size. In a few fatal 
cases a diminution in the size of the hver has been observed 
previous to the occurrence of death. In some instances the 
third stage is rendered prominent by the haemorrhagic nature 
of the symptoms, the blood being occasionally poured out 
simultaneously from the nose, mouth, bladder, kidneys, and 
bowels ; this bremorrbagic form of phosphorus poisoning re- 
sembles scuiTy in many of its cliaract eristics. 

Although death in the majority of cases occurs about the 
fifth or sixth day after taking the poison, yet cases have been 
recorded in which weeks have elapsed before the oncoming of 
the symptoms of the third stage, and the most remarkable 
instance of the delay of the symptoms of hepatic degeneration 
that has been recorded is one described by West,' in which a 
woman took a quantity of rat-poison about the size of a walnut 
spread on bread and butter; after treatment with emetics 
' The Lancet, 1693. 




138 TOXICOLOGY 

and oil of turpentine, she was discharged from the hospital a 
few days later ; nine weeks after taking the poison the sym- 
ptoms of the third stage came on and proved rapidly fatal. The 
symptoms that occurred in this remarkable case nine weeks 
after taking the phosphorus were jaundice, enlargement of the 
liver, vomiting of a coffee-ground fluid, haemorrhages from the 
gums, collapse, and coma. 

In cases of phosphorus poisoning, the cause of the jaundice 
is no doubt due to degeneration of the liver cells produced by 
the action of the poison ; the enlargement of the liver that 
occurs is partly due to fatty degeneration and partly to con- 
gestion. When jaundice in phosphorus poisoning has super- 
vened, the system is then not only under the poisonous action 
of the phosphorus, but is also injuriously affected by the re- 
tention of the biliary secretion and other bodies in the blood. 
The symptoms closely reseml:)le those of acute yellow atrophy 
of the liver. Leucin and t}Tosin have been found in the urine 
in cases of phosphorus poisoning, indicating the interference 
with the chemical processes normally going on in the liver, and 
which result in the conversion of nitrogenous bodies into urea. 
A similar occurrence takes place in acute yellow atrophy of the 
liver. 

Treatment and antidotes. — In cases of phosphorus poisoning 
the stomach-pump or stomach- tube should, if possible, be at once 
used, and the stomach thoroughly washed out. The admini- 
stration of old or oxidised oil of turpentine is generally advised, 
forty minims being given in the form of an emulsion made with 
mucilage every fifteen minutes for the first hour, and afterwards 
three or four times a day until the patient is out of danger. The 
utility of oil of turpentine in cases of phosphorus poisoning has 
been very much questioned ; at one time it was believed that 
its sole use was on account of the small quantity of peroxide 
of hydrogen contained in it, the function of which would be to 
oxidise the free phosphorus to phosphorous or phosphoric acid. 
From experiments made by Bush ' of Dorpat on some of the 

' The Lancet, 1892. 
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lower animals, it appears that turpentine has the power of 
hinderiog to a certain extent the toxic action of pliosphoms, 
the explanation of its action being that it forms 11 compound 
analogous to terebinthino-phoaphoric acid, which body is lees 
toxic than the phosporus contained in it. Thornton ' considers 
that permanganate of potash is the best antidote. It flhould he 
administered well dihiled with water ('S or 1 per cent, solution), 
and copious drinks of the diluted solution should be given before 
the poison has had time to become absorbed. Peroxide of hydro- 
gen in the form of sanitas (a mixture of turpentine and water 
oxygenated by the prolonged action of air, and containing per- 
oxide of hydrogen and camphoric acid in large quantities) may 
be given, in half-drachm doses, mixed with water ; but it is 
somewhat slow in its action, and apt to further irritate the 
ah-eady irritated gastric mucous membrane. An emetic of 
sulphate of copper, which is frequently ad\'ised, should be 
avoided, as severe gastro-enteritis is liable to follow its employ- 
ment. The further treatment consists in the administration of 
mucilaginous drinks, to which magnesia may be added, and 
the alleviation of pain by the use of opium or morphine if 
necessary. The administration of oils or fats should be avoided 
on accouTit of theiv solvent action on phosphorus, and the con- 
sequent gi'eater liubility of the poison gaining access to the cir- 
culation. 

PoBt-mortem appearanoes.— The stomach and intestines show- 
signs of irritation, inflammation, and, in some cases, even of 
ulceration ; the stomach in the majority of cases contains a 
hquid of a tarry colour or coffee-ground nature, due to changes 
in the blood that has been efliiaed. In cases of recent poisoning 
the viscera may possess the peculiar odour of phosphorus, and 
even he luminous in the dark. Hemorrhages are sometimes 
found in the pleural cavities, and. on rare occasions, on the 
surface of the brain. The most pecuUor and chai-acteristic 
post-mortem appearances of phosphorus poisoning are, how- 
ever, those presented by the Uver. In the majority of cases this 
' Tkerap. Ga!.. ISflS. 
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organ is considerably enlarged, although it may be found of a ' 
normal size, and on some occasions it has even been found 
contracted ; it is of a pale yellow colour, sometimes firm in 
consistency, sometimes easily torn ; small hsmon'hages are 
frequently present on the surface and in the substance of the 
liver. On microscopic examination the liver is found to he id a 
condition of acute granular or parenchymatous degeneration, a 
large amount of fat l)eing present, the result of degeneration of 
the liver cells ; the outline of the liver cells is in most places 
more or less destroyed, and the nuclei are almost inrisible. 
The actual processes producing these degenerative changes in 
the liver cells are unkuoivTi, but they are probably the result of 
the blocking of the bile capillaries by swelling of the epithehal 
cells. The condition of the liver ie very similar to that of acute 
yellow atrophy, with this difference^that in the majority of cases 
of phosphorus poisoning the liver is enlarged, whereas in eases 
of acute yellow atrophy the !i\-er is diminished in si/o ; but in 
those cases of phosphorus poisoning in which the liver has 
undergone advanced changes it cannot microscopically be 
distinguished from the liver of acute yellow atrophy. Poore ' 
considers that, clinically and pathologically, the two conditions 
are indistinguishable. According to Hessler,'^ out of sixty-foui- 
cases of phosphorus poisoning, in thirteen the hver was small. 
The size of the liver is doubtless dependent on the period at 
which death occurs. If the patient die early, it may be large ; 
if, on the other hand, the patient sun'ive some time, it may be 
in a state of marked atrophy. On account of the strong resena- 
blance of phosphorus poisoning and acute yellow atrophy of 
the liver, it is probable that the same pathological conditions 
exist in the two diseases. The haemorrhages that so frequently 
occur in phosphorus poisoning are probably due to fatty degene- 
ration of the vessel walls and to thromboses, the result of 4 
tendency of the blood corpuscles to agglutinate together. 
pleural and pericardial cavities frequently contain bloody aei 
and bloody spots may be scattered over the pleura, perioftrdinl 
' Tht Lamel,Vim. ' rwr(ff{;a'irajcftr./. ytr. J/fd.. Bd. 86. 
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and occasionally the endocardium. The blood is generally dark 
and fluid, and the corpuBcles are more or less disintegrated. In 
a fatal case of phosphorus poisoning recorded by Elkina and 
Middlemas ' certain changes were obsei^ed in tho brain, as well 
as some small hiemorrhagea on the surface ; the grey matter of 
the cortex and the hasal ganglia were of a rosy pink colour and 
congested appearance ; in the cerebellum, pons, and medulla 
similar lesions were found to those present in the cortex of the 
hi-ain ; fatty changes were present in the walls of the larger 
capillaries, and the larger cortical ner\-e cells also showed fatty 
degeneration. 

Fatal doie. — The smallest fatal dose recorded for an adult is 
one-eighth of a grain. The usual fatal dose is from one to two 
grains. The case of a woman is quoted by Galtier, who took In 
divided doses rather less than one grain of dissolved phosphorus, 
and death occun-ed in throe days. The smallest fatal dose that 
has ever been recorded is one taken by an infant, five weeks of 
age, who died from sucking a single match-head, which probably 
contained about one-fiftieth of a grain of phosphorus. The 
action of phosphorus is more powerful it it be in a line state of 
division, as in phosphorus paste or in lucifer matches, but it is 
still more powerful in its action if taken in a dissolved state. 
Recovery has taken place after between four and six grains of 
phosphorus in rat-paste have been taken. 

Fatal period.— Tho shortest time in which death has 
occurred from phosphorus poisoning is half an hoiu- ; generally 
several days elapse before the fatal event occurs, the common 
period being about five to six days. 

Analysis and tests. — In cases of suspected poisoning by 
phoaphorua, the vomited matters, the contents of the stomach, 
and the viscera should l>e carefully smelt in order to notice 
whether any sdour of phosphorus be evolved, and they should 
also be cxamiued in the dark for tho pecuhar luminosity known 
OS phosphorescence. Search should also be made in the 
vomited matters and in the contents of the stomach for particles 
I Brit. Utd. Jour., 1891. 
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of Prussian blue or other colouring matters with which the 
phosphorus may have been mixed. The most delicate test for 
phosphorus in its free state is the luminosity of its vapour when 
the phosphorus is expelled by boiling. The method is known 
as Mitscherlich's test, and is carried out in the following manner. 
The matters to be examined are placed in a flask, sufficient 
water is added to render the mixture fluid, and enough sul- 
phuric acid to acidulate it; the flask is then attached to a 
condenser. The distillation is carried on in the dark, which 
is best effected by enclosing the condenser in a box, the 
inner walls of which are painted black ; two eye-holes are 
provided in one of the walls, so that the condensing tube can be 
observed in perfect darkness. If phosphorus be present, the 
inner tube of the condenser becomes luminous either in part 
or throughout its entire length, according to the amount of 
phosphorus present. This is an extremely delicate test, and 
by its aid minute quantities of phosphorus may be detected, 
Another test known as Scherer's test is based on the reducing 
action of phosphorus vapour upon a solution of silver nitrate, 
which becomes blackened if exposed to its action. The best 
method of applying this test is to place some of the sub- 
stance to be examined in a flask with some powdered lead 
acetate, which is employed to combine with and fix any 
sulphuretted hydrogen or other sulphur compounds that may 
be present. A little ether is added, and the mixture well shaken 
up ; a slip of white filter paper, moistened with a solution 
of silver nitrate, is then suspended in the flask above the mixture, 
and the flask is set aside in a dark place to avoid the reducing 
effects of light upon the silver nitrate. At the end of an hour, 
if phosphorus be present, the paper will be found blackened 
from deposition of metallic silver. 

If death has occurred several days after the taking of the 
poison, the phosphorus in such cases is generally oxidised to 
phosphoric acid, so that free phosphorus is not likely to be 
found in the stomach or its contents, or even in the viscera. 
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Chronic Phosphorus Poisoning 

Chronic phosphorus poisoning is caused hy the repeated 
inhalation of the vapour or fumes of phosphorus, and is especially 
liable to occur amongst those engaged in the manufacture of 
phosphorus matches. The had effects of the phosphorus vapour 
are not, as a rule, immediately felt, although a certain amount 
of gastric discomfort and bronchial trouble may be complained 
of soon after commencing work, but frequently months and 
even years elapse before signs of illness appear. The first 
symptoms that are generally complained of are, weakness, 
griping pains or sensations of heat in the stomach, diarrhoea, 
wasting, and symptoms of bronchial catarrh. After a time 
toothache may come on, due to the phosphorus vapour setting 
up periostitis in the upper or lower jaw, which is generally 
caused by a carious tooth allowing the access of* the phospliorus 
vapour or its acid to the periosteum beneath. As a result of 
this, the gum becomes swollen and inflamed, and separates 
from the alveolar process ; the teetli in consequence become 
loosened or fall out, and pus of an offensive nature may issue 
from the diseased jaw. The bone in this way becomes exposed, 
and the periostitis frequently leads to necrosis. The general 
system suffers, in part from the action of the phosphorus, in 
part from the disordered nutrition, due to incapacity to properly 
masticate food, and in part from the swallowing of the offen- 
sive pus produced by the diseased jaw. The lower jaw is the 
one most frequently affected, no doubt because the saUva con- 
taining the dissolved phosphorous or phosphoric acid is brought 
in contact with it by gravitation. 

The treatment of such a case is the removal of the patient 
from exposure to phosphorus fumes, and the surgical treatment 
of the affected jaw. If necrosed ])one be present, it must be 
removed by operation. The prevention of this disease is only 
to be ensured, if common phosphorus l)e employed, by thorough 
ventilation and down drafts for the removal of the x^hosphorus 
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fumes, and the employment of workpeople whh sound teeth, 
together with the periodical examination of their teeth. 

lODIXE 

Iodine acts as a powerful irritant to the stomach and intes- 
tines. Cases of poisoning by iodine are most commonly due to 
the swallowing of the tincture or liniment by mistake. The 
colour and powerful smell of iodine prevent its being used for 
homicidal purposes. 

Symptoms.— (i) A burning pain in the throat, mouth, and 
stomach, (ii) Vomiting and diarrhcea; the vomited matters 
either possess the yellow or brownish colour of the iodine, or, 
if starchy food be present in the stomach at the time of taking 
the poison, they are blue or black, (iii) Great thirst is generally 
complained of, with headache and a feeling of faintness. (iv) 
Symptoms of collapse occur, with coldness of the surface and 
a small feeble pulse. 

Treatment and antidotes. — An emetic of warm water should 
be administered, and the stomach-tube employed to thoroughly 
wash out the stomach. Starch in the form of arrowroot, and 
demulcent drinks, such as linseed tea, barley-water, and milk, 
should be given. 

Post-mortem appearances. — The mucous membrane of the 
oesophagus, stomach, and intestines is generally found inflamed 
and excoriated, and, as a rule, it is easily detachable from the 
muscular wall. 

Fatal dose. — One fluid drachm of the tincture has caused 
death ; this contains about one grain and a half of solid iodine. 
Recovery has taken place, however, after taking one fluid ounce 
of the tincture. 

Fatal period. —Death has occurred in twenty-four hours. 
Only a few cases of fatal poisoning by iodine have been re- 
corded. 

Analysis and tests.— Iodine can be removed from organic 
admixture by agitation with carbon bisulphide 
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I. Iodine is readily detected by the dark blue colour that 
it forms mth a. cold decoction of starch. 

II. A test for iodine in aqueous solution is to add chloro- 
form, and well shake the mixture ; on standing, the chloroform 
settles to the bottom, carrying with it the iodine in solution, 
which imparts to it a pui-ple or violet colour. 

Bbomise 

Bromine is a liquid of a dai'k brown colour, possessing a 
most irritating odour. Only three fatal ca&es of poisoning by 
bromine have been recorded, 

Symptomi. — (i) Intense burning pain in the thi'oat and 
stomach, with eructations of bromine vapour, (ii) Collapse, 
which may produce a fatal result within a few hours of taking 
the poison. 

Treatment and antidotes.— An emetic of warm water should 
be administered, and the stomaeli-tube used to thoroughly 
wash out the stomach. Starch, iu the form of arrowroot, and 
demulcent drinks, sucJi as Unseed tea, barley water, and milk, 
should be given, 

Poat>mottem appearanoeB.— The tongue may be considerably 
darkened in colour by the bromine. The mucous membrane 
of the cesophagus and stomach is generally considerably in- 
flamed, and shows the presence of small submucous heeraorrhages. 
The mucous membrane is usually easily detached, and the 
walls of the stomach may be stained throughout by the bromine, 
01' even be corroded where the bromine has lain for a long time 
in contact with the stomach wall. 

Fatal dose.— Nothing definite is known of the quantity 
required to kill. Death has occurred after swallowing one 
ounce of bromine.' In a case recorded by Herwig,' in which 
a girl, aged ten, was given by a quack a mixture containing 
potassium bromide to be taken with chlorine water, death 

I JTeut York Sow. 0/ Med., 1850. 
' Zeitiehr.f. Utdidnalbeamte, 1899. 
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occurred after taking three doses, which were ascertained to 
yield on the addition of chlorine about two grains of bromine. 

Fatal period.— The shortest time know^n in w^hich bromine 
has proved fatal is between seven and eight hours. 

Analysis and tests. — Free bromine may be separated from 
organic admixture by distillation. Bromine may be recognised 
by its dark-brow^n colour and peculiar irritating smell. If an 
aqueous solution containing free bromine be agitated with 
chloroform and allowed to stand, the chloroform settles to the 
bottom, canynng wnth it the bromine in solution, which imparts 
a yellow or brownish colour to it. Bromine may also be re- 
cognised by the deep yellow colour that it imparts to a cold 
decoction of starch. 

Chlorine 

Chlorine is a yellowish-green gas with an extremely irri- 
tating smell. When inhaled, it sets up great irritation of the 
respiratory tract. The symptoms produced by the inhalation 
of chlorine are : severe coughing, difficulty of breathing, and 
pain in the chest. If death occur from the inhalation of 
chlorine, it is probably due to paralysis of the heart. 

Boron 

Boracic acid. — Fatal poisoning by boracic acid has occurred 
from washing out the stomach with that substance, and from 
the injection of a solution of it into the pleural sac and into an 
abscess cavity. 

The symptoms are generally those of depression, with an 
erj'^thematous or erysipelatous rash on the face and body. 
Vomiting and dianhoDa generally occm- ; blood may appear in 
the m-ine, and finally collapse may take place. The skin erup- 
tion is one of the most constant symptoms of boracic acid 
poisoning, and in cases of non -fatal poisoning by boracic acid, 
from its use in surgical practice, er^-thematous or urticarial 
eruptions have generally be^n noticed. 
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SALTS OF THE ALKALIS AND OF THE ALKALINE 

EARTHS 

Potassium Nitrate 

This salt is also known as nitrate of potash, saltpetre, or, if 
fused and moulded into small balls, it is known as Sal Prunella. 
It has been taken in mistake for Epsom salts and Glauber's 
salts, and in large doses it has on several occasions destroyed 
life. 

Symptoms. — (i) Pain in the epigastrium followed by vomit- 
ing, (ii) Purging generally occurs, and the evacuations not 
unfrequently contain blood, (iii) Convulsions of the muscles of 
the face may occur, (iv) The pulse is weak and iiregular. 
(v) Eespiration is difficult, (vi) The extremities become cold 
and collapse occurs. 

Treatment. — No antidote for nitrate of potash is known. 
The stomach-pump should be used to remove the salt and to 
wash out the stomach, or an emetic of nmstard and water should 
be given. The after-treatment consists in the administration 
of mucilaginous drinks, and the employment of warmth and 
stimulants to overcome the collapse and the coldness of the 
extremities. 

Post-mortem appecurances. — The mucous membrane of the 
stomach is inflamed and easily detached, and in one case 
even perforation has been observed ; blood-stained fluid may 
be present in the stomach ; inflammation of the mucous 
membrane of the intestines may be found throughout. 

Fatal dose. — The smallest fatal dose recorded is two drachms, 
which caused the death of an adult man. Eecovery has, how- 
ever, taken place after taking an ounce of the salt. 

Fatal period. — Death does not, as a rule, occur for some 
hours after taking nitrate of potash, the shortest period that 
has been recorded being about two hours. 

Tests. — The tests are those described for potash (see p. 132), 

and for nitiic acid (see p. 126). 

l2 



Potassium sulphate in large doses (two ouncesj 
as a poison, its effect being (hat of a combined irritant and 



Potassium Chlorate 

Potassium chlorate or chlorate of potash in large doses may 
act as a poison ; its action is peculiar in that the red corpuscles 
of the blood are broken up by it, and the heemoglobin is con- 
verted into oiethEBinogiobin. 

Symptonu. — (i) Signs of gastro- intestinal irritation with pain 
in the stomach and bowels, and vomiting, (ii) Cyanosis or 
pallor of the surface, (iii) Collapse, (iv) Jaundice frequently 
occurs after a time, (v) The urine is diminished in quantity or 
entirely suppressed — it may contain hffimogiobin. (vi) The 
patient may become somnolent or delirious, and death may 
occur after a few days from nephritis. 

Treatment.— The stomach-tube should be used and the 
stomach thoroughly washed out. The after-treatment should 
be directed to the alleviation of any of the symptoms that may 
arise. If the kidneys are attacked, vapour baths and dry or wet 
cupping of the loins may be employed, and a mUd diuretic, 
such as liquor avimmiia acelatis, should be given. 

Post-mortem appearancei.~The mucous membrane of the 
stomach may be found swollen, softened, and easily detachable ; 
small fiubnmcous extravasations of blood may be present. The 
blood presents a chocolate colour. The kidneys generally show 
B, similar colom-, with indications of acute nephritis. The 
spleen may be enlarged and also present, more or less, a 
chocolate colour. 

Fatal dose. — An ounce and a halt of chlorate of potash has 
proved fatal. The smallest fatal dose recorded is in the case of 
a child, three years old, who was killed by from forty-five to 
fifty grains. 

Fatal period. — From a few hours to some days. The shortest 
time in which the salt has produced a fatal result Is in the 
case of a woman who died five hours after swallowing it. If 
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death occur from nephritis, it does not take place for several 
days. 

AnalyBiB and teiU. —Potassium chlorate may be separated 
from organic admixture by dialysis. 

I. It a solution of potassium chlorate be coloured with a 
drop or two of solution of indigo sulphate, and a few drops 
of strong sulphuric acid added to the mixture, the blue colour 
of the indigo is bleached. 

II. If potassium chlorate be obtained in the solid state, and 
a fragment of it warmed in a test-tube with a drop or two of 
strong sulphuric acid, a sharp explosion occurs, due to the 
decomposition by heat of the peroxide of chlorine evolved. 

Potassium Iodide 

Iodide of potassium has given rise to poisonous symptajna, 
even when administered in medicinal doses. With certain 
people the symptoms known as iodisjii are due to an idio- 
syncrasy, which causes them to be peculiarly susceptible to 
the action of this drug. The symptoms generally consist of 
headache, hot skin, discharge from the eyes and nostrils, 
inflamed conjunctivie, diynoss and irritation of the throat, and 
occasionally vomiting and purging. Erichscn has recorded a 
case in which alarming symptoms were produced hy a dose of 
only five grains of iodide of potassium. The appearance pre- 
sented by a person suffering from an attack of iodism may be 
such as to at first closely resemble an attack of erysipelas, but 
the temperature in all cases remains normal or subnormal. 

Barium 

The soluble salts of barium act as irritant, convulsant, and 
cardiac poisons. The chloride and nitrate of barium have 
both been taken in mistake for Kpsom salts, Glauber's salts, 
and Carlsbad salts. 

Bymptoou. — (i) Pain In the stomach and abdomen, (ii) 
Vomiting and purging, with tenesmus, (iii) Thirst, (iv) Con- 
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vulsions. (v) Paralysis, the first indication of which is, as a 
rule, dilatation of the pupils. 

Treatment and antidotes. — An ounce of sulphate of soda or 
Glauber's salts dissolved in a tumbler of water should be 
administered, with the object of converting the soluble barium 
salt into the insoluble sulphate of barium. The stomach-pump 
or tube should be afterwards employed, and the stomach 
thoroughly washed out. The after-treatment should be directed 
to overcoming the depressant and convulsant action of the 
poison. The patient should be vn^apped in warm blankets, and 
hot-water bottles applied to the feet ; braildy should be given 
either by the mouth, rectum, or hypodermically, to counteract 
collapse. If much pain persist, hj'podermic injections of 
moi'phine should be employed. 

Post-mortem appearances.— The mucous membrane of the 
stomach has been found very much swollen and red in places ; 
in one instance the stomach was found perforated. Intense 
inflammation of the rectum has been frequently observed in 
fatal cases. The kidneys have been found congested, and the 
cavities of the heart generally contain a small amount of blood, 
partly coagulated and partly fluid. 

Fatal dose. — The smallest quantity of a soluble barium salt 
that has produced a fatal result is one hundred grains, which 
caused the death of an adult woman in fifteen hours. 

Fatal period. — One hour is the shortest time in which death 
has resulted from poisoning by barium salts, but the fatal period 
has been extended to seven days. 

i^nalysis and tests. — Barium may ])e separated from organic 
admixture by drying, incinerating, and extracting the residue 
with nitric acid. The acid filtrate is evaporated to dryness, 
the residue dissolved in distilled water, and the following tests 
applied : — 

I. Barium salts give with dilute sulphuric acid a white 
precipitate of barium sulphate, which is insoluble in either 
hydrochloric or nitric acid. 

II. A solution of potassium chromate gives a yellow pre- 
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cipitate of barium chromate with barium salts. This precipitate 
is insoluble in acetic acid, but ia soluble in either hydroclilorie 
or nitric acid. 

III. If a bai'ium salt be introduced into a bunst:n-9ame 
on a coil or loop of platinum wire, previously moistenetl with 
hydrochloric acid, a greenish colour is imparted to iho flume. 



Magnesium 

Magnesium sulphate or Epsom salts lias in large doses 
caused death ; although it ia generally regarded as a harmless 
purgative, yet cases have occun-ed in which, especially when 
taken upon an empty stomach, a fatal result has been pro- 
duced. The author in 1887 investigated a case of death in a 
yoimg woman aged twenty, which, from the results of the 
enijuirj', appeared to be due to poisoning by Epsom salts. The 
deceased hail retired to her bedi'ooui at night apparently in her 
usual health, and the following morning was found lying on her 
bed fully dressed and dead. The l>ed had not been occupied, 
and death had occurred some hours previously. On the 
dressing-table was a tumbler containing some small white 
crj-stals, which on esaniination were found to consist of Epsom 
salts only. The stomach was not inflamed, and contained an 
ounce and a half of a light- coloured semi-fluid mixture, in 
which a)ial)'sis revealed only the presence of Epsom salts as au 
abnormal constituent. It came out in evidence that the de- 
ceased had pm'chased, the day before her death, an ounce of 
Epsom salts, which she had apparently taken on an empty 
stomach, with the result that death probably occurred from 
fatal syncope. 

A case of poisoning by Epsom salts is also recorded by 
Sang'; a woman, thirty-five years of age, purchased four 
ounces of Epsom salts, and took the whole quantity in a tum- 
bler of hot water. Soon after she complained of a burning 
pain in the stomach and bowels, with di£Bculty of breathing 
I TU Lancet, 1891. 
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or a choking sensation. In about one hour from taking the 
Epsom salts she was in a state of hopeless collapse : the pupils 
were dilated ; there was a slight twitching of the muscles of 
the face, and complete paralysis. She rapidly became comatose, 
and died about an hour and fifteen minutes after taking the 
dose. Christison, in his work on poisons, mentions the case of 
a boy ten years old who took two ounces of Epsom salts partly 
dissolved and partly stirred up in a cupful of water. Directly 
after taking it he was observed to stagger and become unwell. 
"When seen by a surgeon half an hour later the pulse was 
imperceptible, the breathing slow and difficult, the whole frame 
in a state of extreme debihty, and in ten minutes more the 
child died without any vomiting. 



CHAPTER XI 

Poisoning by wnenic— Acute flreaniaal poiitoning— Chronic arseniciil poieon- 
ing — SubHtances containiug arttcnic or its compouDds— Extraulioo of 
arsenic From visoera— Marsh's test — Reinsch's test— EEtimatioa of 
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The white arsenic of commerce is avsonious oxide or arsenious 
anhydride. It occurs iu two varieties— a crj'stalline variety 
which cau be obtained in small octahedral crj'stala, and a 
vitreous variety constituting the deposit in the condensing flues 
attached to the furnaces in which the arsenical ores are roasted. 
The vitreous variety is obtained at first as a semi- transparent 
glass-like solid,- and becomes, after a time, opaque like porce- 
lain. The white arsenic of commerce is obtained by grinding 
this vitreous variety to a powder. White arsenic is a white, 
odourless, and almost tasteless substance, possessing a very 
faint sweetish taste. It is very poisonous, and it is on account 
of its practically tasteless character that it may be successfully 
given for homicidal purposes in food or medicine, since it is 
swallowed by the victim without its presence being detected by 
taste. The question as to the extent of the solubility of arsenic 
is one that may arise in the judicial investigation of cases of 
poisoning by this substance. In cold water from half to one 
grain of arsenic dissolves in a fluid ounce, but in boiling water 
from six to twelve grains are carried into solution, the degi'ee 
of solubility varying according to the time that the arsenic has 
been kept, and its consequent molecular condition. A pecu- 
liarity of powdered arsenic when mixed with water is the way 
in \\hich it floats on the surface, forming a white scum, which 
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rapidly forms again on the surface even after thorough agita- 
tion. If arsenic be sold to the pubhc in quantities of less than 
ten pounds, the law requires that it should be mixed with soot 
or indigo to colour it, from one-tenth to one-sixteenth part of 
its weight of one of these colouring substances being employed. 
With regard to the substances in common use that contain or 
may contain some preparation of arsenic, see pp. 163-165. 

Symptoms. — The symptoms of poisoning by arsenic in 
acute cases generally come on from half an hour to an hour 
after taking the poison. On one occasion they appeared almost 
immediately. The rapidity with which they appear depends 
very much as to whether the arsenic is taken in solution or 
not, and as to whether the stomach is empty or not at the 
time. If taken in solution, the symptoms appear much more 
quickly than if taken in a solid form, and if taken upon an 
empty stomach, they are more rapid in their occmrrence than if 
taken upon one containing food. The maximum period to 
which the appearance of symptoms of acute arsenical poisoning 
has been protracted is ten hours. 

The following are the symptoms of acute arsenical 
poisoning: — (i) An intense bm-ning pain in the throat and 
stomach generally occurs, and this pain is usually increased by 
pressure ; on a few occasions the pain has been entirely 
absent, (ii) Faintness, nausea, and sickness generally super- 
vene, (iii) Intense thirst is a very common symptom, but 
occasionally is absent, (iv) Violent vomiting generally occurs, 
the vomited matters at first consisting of food, if any be present 
in the stomach, and later on of mucus, which is sometimes 
streaked with l)lood, or is bile-stained, or may even resemble 
rice water in appearance, (v) Pm-ging with tenesmus, the 
discharges from tlie bowels being frequently tinged with blood. 
If the diarrhoea continue the discharges from the bowels may 
resemble rice water in appearance, and may exactly simulate 
the stools that are seen in typical cases of Asiatic cholera, 
(vi) The pulse is small, rapid, and uTegular. (vii) Collapse 
generally occurs, with a cold and clammy skin, (viii) Severe 
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cramps in the calves of the legs, (is) When a fatal ter- 
mination ia approaching the respiration generally becomes 
laboured, (x) Hestlessnesa is common ; usually stupor with 
convulsions and spasms, or accompanied with paralysis, super- 
vene shortly before death. In a few cases of acute arsenical 
poisoning, the poison appears to especially affect the nervous 
system, and in this torm^the nervous form — vomiting and 
purging may be either entirely suppressed or only present to a 
slight degree, symptoms due to affection of the nervous systera 
being most prominent, such as stupor, paralysis, dehrium, 
convulsions, and even acute mania. 

The course of the symptoms produced by arsenical poison- 
ing may be considerably modified if repeated doses of the 
poison are given, as is not uncommonly the case when the 
poison ia administered for homicidal purposes. In addition to 
the symptoms of acute arsenical poisoning, such as pain in the 
stomach, sickness, purging, loss of appetite, and feeling of 
depression, some of the symptoms of chronic arsenical poison- 
ing may supervene later on. These are especially injection 
of the conjunctivee, smarting of the eyelids and eyeballs, irrita- 
tion of the mucous membrane of the fauces and throat, and 
dryness of the tongue and mouth ; the tongue is red, coated 
and irritable looking ; the skin presents a sallow or partially 
jaundiced appearance, and eruptions of an eiythematoua or 
Gczematous nature frequently appear. In addition to these 
symptoms, signs of peripheral neuritis may occur, such as a 
feeling of formication or tingling in the fingers, with numbness 
of the extremities, muscular cramps, and tenderness of the 
muscles on pressure. 

A brief account of the Maybrick case, in connection with 
which Mrs. Maybrick was tried and convicted at the Liverpool 
Assizes, 1H89, will be of interest as representing the symptoms 
which arose from repeated doses of arsenic administered during 
a period of pi-obably about fourteen days. On April 27th Mr. 
Maybrick was seized with vomiting which came on after taking 
tea. On the following day he still suffered from vomiting, with 
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foulness of llie tongue, and also complaiued of BtitTness in thei 
lower limbs. On May Ist he complained of feeling unwell after 
taking luncheon, and on the three following days he was sick, 
and complained of a tickling Eensation in the throat accom- 
panied by retching. On May 7th he was still suffering from 
vomiting. Diarrhcea was then appearing, and the throat was 
very dry and acutely inflamed. On May 8th he was sufferin(^ 
from diairhceii with considerable straining. On May 9t±i dis- 
tressing tenesmus was present, and on May 11th he died. 

Cases of acute poisoning by arsenic may be suitably treated 
so that the bulk of the poison is removed from the system, and 
yet severe symptoms may occur later on. The following 
are of interest as illustrating this point. Jolly ' relates a case 
of attempted suicide by a woman aged twenty-seven. Aftec, 
the gastro- enteritis had passed away, loss of sensation v 
noticed in the hands and feet about the fifth day ; loss 
muscular power afterwards appeared, and by the fourth weelti 
she was unable to walk unaided ; paresis and atrophy of thai 
muscles Ixtcaine well marked, and the reaction of degeneration 
appeared in some of the affected muscles. The loss of muscular 
power and sensation was due to peripheral neuritis. Kovacs " 
records a case in which a man, forty years of age, took 150 
grains of white arsenic. Symptoms due to severe gastro-: 
enteritis were subdued by appropriate treatment, but a 
later symptoms of peripheral neuritis developed. There 
flrst cedema and coldness of both lower extremities, and a w« 
later some aniesthesia of the feet, hghtning pains, an unslei 
gait, and anaesthesia began to make its appearance in the finj^ 
tips and upper extremities. In some cases the latent peri< 
between the time of taking the arsenic and the developmt 
of the nervous symptoms has extended to even a longer tii 
than in this case. As much as four weeks elapsed in a 
recorded by Seeligmiiller. These cases indicate the caution of 
not giving too early a favourable prognosis in cases of acute 
arsenical poisoning, even when the acute symptoms 
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entirely passed away. In cases of somewhat bIow or chronic 
poisoning by arsenic, it should be carefully borne in mind that 
the symptoms very much resemble those which occur in con- 
nection with ordinary chronic gastritis, and with ulceration of 
the stomach. 

The question is sometimes raised aa to whether arsenic 
is an accumulative poison— that is, whether, if taken in a. 
medicinal form tor a, prolonged period, it can accumulate in the 
body, and then suddenly give rise to the symptoms of acute 
arsenical poisoning. There are no facts to show that arsenic 
in any sense is an accumulative poison, and long experience 
has shown that In medicinal doees it may be given for a 
prolonged period without doing harm, owing to its rapid elimi- 
nation by the kidneys in the urine, and to a slighter extent in 
the other secretions. Arsenic is for a short tiine deposited in 
the various organs, but it is rapidly removed from them, and 
even it a large dose of ai-senic has been taken and the person 
survives, it may in the course of two or tliree weeks be entirely 
removed from the system, although it has on one occasion been 
detected in the urine forty days after its administration ceased, 
and in another case recorded by Putnam,' where arsenic had 
been given in medicinal doses, it did not disappear from the 
urine for nearly fifty days. Brouardel and Pouchet found, as a 
result of the investigation of several cases of wholesale poison- 
ing that took place at Hytres and Havre in 1889, that arsenic 
could be found in the bones, and especially in the spongy tissue 
of the bones, when no trace of it was discoverable in tlie viscera. 
From experiments made at the same lime on dogs and rabbits 
after the administration of arsenic, it was found that all traces 
of arsenic disappeared from the viscera in three weeks, but 
could be found in the bones ten weeks after the last dose 
had been given. Gibb,* however, records a case in which 
arsenio was found in the Uver and bones six months after cessa- 
tion of a long course of medicinal treatment. 

The susceptibility of some persons to a small dose of 
■ Boiton Med. and Surg. Jour., 1888. < Land. Path. Sot. Tram., ISSS. 
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ai'senic should be remembered. Nicholson ' relates the o 
a patient who bad been ordered three minima of Vxquor ar&enxcalA 
three limes a day after food, to be taken well diluted. Aftfl 
taking five doses of the mixture, or fifteen minims in all of t 
liquor, a universal erythematous rash came out, the chest and ahi 
domen presenting a boiled- lobster appearance. The patient wai 
also attacked with some diarrhcea and suffusion of the conjuiu 
tivffi. The rash disappeared when the arsenic was discontiuuej 
The dose of arsenic taken over a period of nearly two days tl 
produced these symptoms was only from one-sixth to oui 
seventh of a gniui. 

Treatment and antidotei. — In cases of acute poisoning \ 
ai'senie, the stomach should he emptied by means of 
stomach-pump or stomach-tube as speedily as possible, 
then thoroughly washed out. In the event of neither the pui 
nov the tube being obtainable, an emetic of mustard and v 
should be given. The enjployment of freshly precipitate 
ferric hydrate or dialysed iron has been recommended aa e 
antidote, with the object of converting the arsenic into I 
insoluble arseniate of iron. If employed, the ferric hydrate i 
best prepared by mixin;; half a fluid ounce of the tincture t 
perchloride of iron, diluted with half a tumblerful of water, v 
an equal quantity of a solution of washing soda, the latter b 
used in excess ; the ferric hydrate so precipitated should I 
stirred up with the contents of the tumbler, and ndministe 
to the patient. In place of the ferric hydrate, drachm doses i 
the solution of dialysed iron, diluted with water, may be B 
ministered. It is doubtful, however, whether these iron ] 
parations are of much value as antidotes in cases of araeniei 
poisoning ; the early evacuation and washing out of the stom 
is the preferable mode of treatment. For the collapse i 
suiting from acute poisoning by arsenic, stimulants shon 
he employed, brandy being given by the mouth if it con | 
retained, or in the form of enemata if dianhcea be not preac 
or by h\-podermic injection. For the relief of the nervouss; 
' The Lanerl, 1883, 



ptome, Bubcutoneous injections of morphine should be employed, 
and if the diarrhoea and tenesmus are urgent, opium enemata 
may be administered. Demulcent drinks should be given to 
allay the gaatro- intestinal irritation. 

Foit-mortem appearancefl. — These are mainly confined to 
the stomach and intestines. The whole mucous membrane of 
the stomach may be red and inflamed, the surface resembling 
in appearance red velvet, or the redness may be distributed in 
the form of streaks or dots of a dark red colour upon an 
inflamed mucous membrane of a lighter red; the dots are 
called petechiffi. These dark-coloured dots and streaks are 
not always present, and have been found absent in some cases 
in which the arsenic was administered in a soluble form ; pos- 
sibly their occasional presence may be due to the extreme 
irritation induced by particles of solid arsenic. The redness is 
especially evident on the prominences of the folds of the gastric 
mucous membrane. Submucous effusions of blood may be 
present, and the stomach frei^uently contains dark-coloured 
mucus tinged with blood. The gastric mucous membrane is 
occasionally found ulcerated or eroded, and on rare occasions 
has been seen in a gangi'enous condition. A few instances 
are on record of perforation of the coats of the stomach 
as a result of arsenical poisoning, but they are very excep- 
tional cases. If putrefaction has advanced in the stomach, 
the white arsenic may have been converted into the yellow 
sulphide, owing to evolution of sulphuretted hydrogen as one of 
the products of putrefaction; this sulphide of arsenic may 
colour the stomach throughout its coatings and appear as a 
yellow stain upon the peritoneal suface. The formation of the 
yellow sulphide of arsenic has also been obsened upon the 
surface of the Uver, on the omentum, and on the right side of 
the heart, and in a case of arsenical poisoning described by 
Murray,' the endocardium of the left ventricle presented a 
bright yellow stain or deposit over one-third of its area, which 
stain was proved by analysis to be the yellow sulphide of a: 
' Tht Lancet, 1892. 
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A yellow pigment has also been observed in the intestines of 
some bodies exhumed after arsenical poisoning. This may 
be due to the formation of the sulphide of arsenic, or to a 
pecuUar alteration in the pigments of the bile. The intestines 
may show inflammation throughout, but this appearance is 
frequently only to be obseiTed in the duodenum. Of the large 
intestines the rectum is the part most prone to inflammation. 
It should, however, be remembered that death may occur from 
acute arsenical poisoning, and large quantities of arsenic may 
be found in the stomach and the intestines, and yet no appear- 
ance of inflammation be present in those organs ; so that 
the non-existence of inflammatory changes in the aUmentary 
canal after death is not necessarily a proof that the individual 
has not died from the effects of arsenical poisoning. 

Arsenic in many cases exercises a preservative action on 
the bodies of persons dying from acute arsenical poisoning, but 
such preservative action does not necessarily occur ; it is only 
in the somewhat exceptional cases in which large quantities of 
arsenic have been taken that such instances of delayed putre- 
faction have been observed. The preservative effect in these 
cases is especially manifested in the internal viscera ; in the 
case previously mentioned, described by Murray (p. 159), the 
viscera presented a fresh and well-preserved appearance, and 
there was an absence from them of the usual foul putrid smell. 
The time that had elapsed since death occurred in this case is 
not, however, given. In the case of a body exhumed five months 
after death, and examined by Brouardel and Pouchet, and which 
was a case of arsenical poisoning in which a considerable 
amount of the poison was found in the body, the viscera were 
discovered to be in a remarkable state of preservation, no 
gases of putrefaction being present. In the case of the exhu- 
mation of the bodv of a Mrs. Cross seven weeks after death 
(i?fj/. V. Cross, Munster Ass., 1887), death having been 
caused by arsenical poisoning, Pearson, who examined the 
body, states that all the organs were in a well-preserved state. 
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the stomach and intestines appearing as fresh as though the 
deceased liail died twenty-four hours previously. An idea has 
heen prevalent that the corpse of u person poisoned hy arsenic 
undergoes a kind of muinmitication ; the subject has been 
investigated by Zauijer,' whose observations point to the con- 
clusion that the so-called 'arsenical iniimmification ' has no 
existence, and that the mum mi ti cation of a corpse lias no value 
as a judicial proof of poisoning. 

Arsenic is not a normal constituent of the body, and, there- 
fore, if found in the tissues after death, its presence must he due 
either to the poison having been taken by, or administered to, the 
deceased, or to its having been introduced into the body after 
death, as in some methods of embabning, or as in the method 
of preservation for the purposes of dissection by tlie injection 
of arsenical paste into the vessels. In connection with the dis- 
covery of ai'senic in exhumed bodies, it has been suggested 
that its presence may he due to the passage of arsenic from the 
soil of the cemetery or gmveyard into the tissues of the body. 
Arsenic has heen found in minute quantities in the soil of 
some graveyards, but always in an insoluble form, and generally 
in combination with iron in the form of arsenical iron pyrites ; 
so that it is extremely unbkcly that a body buried in a ceme- 
tery or graveyard can become contaminated with arsenic 
derived from the soil. In cases of exhumation, it is advisable 
to collect a sample of the soil fi'om around the coffin for the 
purposes of analysis. Arsenic has been detected in the body 
many years after death. It has been discovered by Glover in a 
body aftur twelve years', and liy Webster in the remains of a 
body after fourteen years' burial. 

Fatal doBS. — The smallest quantity of arsenic that has 
proved fatiil to an adult is two grains, but recovery has taken 
place after much larger doses. 

Fatal period. The shortest period in which arsenic has 
proved fatal is twenty minutes, in which case a large dose of 

' Archifti Necrland. lUa Scicnern BzacUs ct Xaturelln), vol, xxL 
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poison had been taken. The average time for a fatal result to 
occur in cases of acute arsenical poisoning is about twenty-four 
hours, but it may be much later. Mr. May brick probably died 
on about the fourteenth day from the commencement of the 
administration of arsenic. 

External application of arsenic-Death has occurred on 
several occasions from the external application of arsenic; 
in such cases arsenic is found in the viscera, including the 
stomach ; the arsenic is carried to the dififerent viscera dis- 
solved in the blood, and may pass into the contents of the 
stomach by a process of transudation or osmosis. In a case 
in which an ointment containing arsenic and white precipitate 
was applied to the diseased head of a child, death occurred after 
ten days, and at the post-mortem examination the mucous 
membrane of the stomach and intestines was found red and 
inflamed, and traces of arsenic were discovered in the fluid 
contents of the stomach, in the intestines, and in the liver. 
This transference of al)sorbed arsenic from the blood to the 
stomach and intestines has been distinctly proved by the ex- 
periments of Taylor and Pavy.^ Plasters containing arsenic 
have been applied by quacks to cancerous and other tumours, 
and have produced death as a result of the absorption of the 
arsenic by the diseased surface. In 1878 a number of chil- 
dren in Essex were killed from the employment of a dusting 
powder, supposed to be violet powder, which was dusted on 
their skins after they had been washed. This powder was 
subsequently found to contain one-third of its weight of arsenic. 
From one of the bodies Tidy extracted six grains and a half of 
arsenic. 

Chronic Arsenical Poisoning 

If very small quantities of arsenic are taken into the system 
for a prolonged period of time, symptoms of chronic arsenical 
poisoning may supervene, and these are somewhat dififerent to 

' Guy's Hospital Reports, 1860. 



those of the acute form. Beforo describing these symptoms it 
will he as well to enumerate the voriouB substances, or prepara- 
tions, which contain or ruay contiiin arsenic, and which miiy 

Preparations, substances, &?. containing arsenic or its com- 
poonds, which may give rise to arsenical poisoning:— 

Metallic arftriiic. — A preparation known a.» fly-poivder con- 
sists chiefly of powdered metallic arsenic, probably mixed with 
some white arsenic, and is a strongly poisonous substance. 

Compounds, iireporiitkins itc. tonlaining while aneiiic (As.jOj), 
or anenious acid (HjAsOj). — Arsenic was formerly put into 
candles to harden them, and to give them a, wax-like appearance. 
During the burning of such candles, the arsenic becomes slowly 
volatilised, and can produce veiy dangerous effects. Arsenical 
solution, consisting of arsenic, soft soap, and tar, is frequently 
used by shepherds as a ' sheep- wash,' or 'sheep-dip,' (or the 
purpose of destroying tick and other panisites in the wool of 
the sheep ; bad effects have been produced in those engaged in 
washing sheep with such a solution. Arsenical weed killers are 
also in use tor the purpose of destroying weeds. An arsenical 
soap is used for preserving the skins of birds and animals, and 
a powder consisting of a mixture of arsenic and plaster of Paris 
is used for a siniilai- purpose. Persons engaged in rubbing 
these preparations into skins have been attacked by arsenical 
poisoning, and symptoms have even i-eaulted from the keep- 
ing of stuffed birds or animals, whose skins have been so 
preserved, in dwelling-rooms. A solution of arsenic in car- 
bonate of soda, prepared by dissolving in water a mixtiu'e of 
L forty parts of white arsenic to nine parts of carbonate of 
I soda, has been employed for cleansing steam boilers, such a 
I preparation l)eing a most dangerous one for the purpose. 
I Arsenic has also been employed for facing, or producing a glaze 
I upon, fancy paper, note-paper, cardboard boxes, playing cards, 
I and wrappers for sweetmeats. Wheat is sometimes steeped in 
K an arsenical solution, for the purpose of preserving the grain for 
I seed, and this has been the cause of accidental poisoning both 
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to men and animals. Arsenic is also employed in glass-making 
and in white enamelling. It is sometimes given by grooms to 
horses, with the idea that it renders their coats glossy. It is a 
constituent of some of the rat pastes used for the destruction 
of rats. Arsenic has been detected in tlie glazed leather-linings 
of hats, and in some cases has produced a local eczema on the 
foreheads of persons wearing sucli hats. The ordinary silk 
coat-sleeve lining, the ordinary brown-paper carpet lining, and 
the common black cambric furnitm-e lining have been found to 
contain arsenic. Some of the varieties of * fly-papers ' consist 
of paper soaked in a solution of sodium or potassium arsenite 
containing some sugar ; the paper known as im'pier fnoure, 
which is used for killing flies, is so prepared. Stevenson has 
found some of the fly-papers of commerce to contain from seven 
and a half to ten gi'ains each of arsenious acid in a soluble 
form ; by preparing infusions of such papers, a strong solution 
of arsenic can be obtained, and such solutions have been used 
for criminal pui-poses. Hills ' considers that coal and coal- 
gas are possible sources of arsenical poisoning in dwelling- 
houses. 

Copper arsenite, (CuHAsOa).— This substance, known as 
Scheeles (jreen, which possesses a bright green colour, has 
been extensively used as a pigment, and was at one time 
especially employed in the preparation of gi'een wall-papers; 
but, owing to the dangerous effects that have resulted from the 
use of such wall-papers in rooms, the better class now manu- 
factured are kept rigorously free from this substance. Scheele*8 
gi*een has also been employed as a green oil paint and in 
green water-colom* paints, and also as a colouring agent 
for book-covers, lamp-shades, artilicial flowers and leaves, 
gi-een wax candles, wax tapers, india-rubber balls and doUs, 
japanned goods, carpets, floor-cloth, linoleum, printed calicoes, 
curtains, table-cloths, and fabrics such as cretonnes, chintzes, 
and green baize. Numerous cases of chronic arsenical 
poisoning have resulted from the presence in rooms of wall- 

' Boaton Med, and Surg. Jour.j 1894. 
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papers and otlier articles containing Selieele's gieeu. Emerald 
green and Scbweinfurt green consist of a mixture of coppei- 
arsenite and copper acetate, and have also been used for 
similar purposes to Scheele's green. 

Orpimeiit, or argenmis sulphide (AajSj). — This body, also 
known as ijelloie aneiik. or Kiiii/'s yelloiv, is of a bright yellow 
colour, and is occasionally used in painting. Htaining. and 
colouring toys. When pure it is said to l)e non-poisonous, but 
the commercial variety is certainly poisonous owing to the 
presence of a varying amount of white arsenic. 

Arsenic ac'ul (HjAsO,).— This acid, in combination with 
potassium or sodium, as potassium or sodium arsoniate, is used 
as a fiy-poison. Arsenic acid is employed in the manufactiu'c 
of some of iho aniline dyes, and. if not completely removed 
froni such dyes, it may be present in articles dyed with them. 
Injurious effects, such as local eczemalous eruptions, have 
followed the wearing of socks and gloves coloured with such 
dyes containing arsenic, and also from the employment of 
cretonnes and other hangings coloured with arsenical dyes. 
Bed aniline dyes are also occasionally used to give a colour 
to liqueurs, syrups, sweetmeats, and raspbeny vinegar, and it 
is possible that injurious effects might rasult from tlie taking 
of such coloured articles, if the dye contained arsenic. 

Ameniiirctted or arsenttled hydrogen (AsHg).— This body is 

a gas, and is the most poisonous compound of arsenic. It is 

produced whenever hydrogen is gt-nerated in contact with a 

soluble arsenical compound. It may be evolve<l in the bi-onzing 

of brass, in the tinning of sheet iron, and in the removal of 

silver from argentiferous zinc by tlie action of acid. It has 

produced poisonous effects in workmen exposed to its toxic 

action. 

I Symptoms of chroiuo arsenical poisoning:.— If arsenic be 

I taken into tlie system in repeated small quantities thraugh the 

I lungs, and possLl)ly to some extent swallowed in saliva, as :n 

■ the case of people living in rooms the walls and articles of 

H furniture of which are contaminated with arsenical preparations. 
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some of the following symptoms may occur : — (i) Loss of appe- 
tite, and general malaise, (ii) Headache and neuralgia, (iii) 
Nausea, accompanied by gastric pain, (iv) Irritation of the 
throat, eyes, and nostrils ; the conjunctiva may be inflamed, 
and intolerance of light may be experienced, (v) Colic, con- 
stipation, or diarrhoea may be present, (vi) Gradual prostration 
of strength, (vii) Wasting, accompanied by anaemia, or by a 
peculiar cachectic hue of the skin, (viii) Spots of pigmentation 
may be present on the skin, (ix) Symptoms of peripheral or 
multiple neuritis may develop ; the symptoms are sensory, 
motor, and reflex, and closely resemble those occurring in 
connection with alcoholic neuritis. The sensory symptoms 
commence, as a rule, with tingling and numbness of the 
hands and feet, extending to the arms and legs ; hyper- 
ffisthesia of the muscles of the arms and legs follows, so 
that the slightest pressure may give rise to intense pain ; 
followed l)y, or accompanied by, cutaneous amesthesia in some 
cases. The motor symptoms show themselves by paralyses, 
which especially affect the muscles concerned in the exe- 
cution of the finer movements of the hands and feet ; in 
advanced cases tliere is inabilitv to use the hands or to walk 
properly. These motor symptoms are generally attended with 
atrophy of the alTected muscles and the development of the 
reaction of degeneration in them. The reflex symptoms are 
shown by absence of the knee-jerks and of the superficial 
reflexes. Symptoms of arsenical neuritis may result from the 
long continuance of full therapeutic doses of arsenic, as occurred 
in a case related bv Osier.' 

Brouardel recognises four distinct periods in arsenical 
poisoning. The first is marked by digestive troubles, the 
second presents eruptions, and cataiTh of the larynx and 
bronchial tubes, the third is cliaracterised by sensory troubles, 
the fourth period l)y paralysis. 

In cases of peripheral neuritis of doubtful origin, it is 
advisable to carefully examine the urine for arsenic. In many 

' Montreal Med. Jour., 1893. 
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cases of chronic arsenical poisoning the cause has not Ijccn 

suspected until all ordinary treatment has tailed, and until a 
chemical examination of the wnll-paper. or of other aiticlee 
previously enumerated, has revealed the presence of arsenic. 

With regard to the modes by which arsenic contained in 
wall-papers in the form of Scheele's green can affect persons 
inhabiting rooms, the walls of which ai'o covered with such 
papers, the following are the probable explanations : (i) Some 
of the arsenite of copper may be mechanically brushed off the 
walls in the form of dust, and so gain access to the lungs, 
(ii) Minute quantities of arseuiuretted hydrogen may be diffused 
into the atmosphere of the room, on account of the paper being 
fastened to the walls with starch paste, which readily ferments 
and sets free nascent hydrogen ; since the paper is origi- 
nally satuniled with the paste, this nascent hydrogen is 
produced in direct contact with the arsenical compound, and 
so forms gaseous arseniuretted hydrogen, which escapes into 
the air of the room. It is true that the quantity of gas so pro- 
duced is very minute, but as arseniuretted hydrogen is the 
most poisonous of all the arsenical compounds, very small 
quantities may be sufficient to produce very injurious effects, 
(iii) From recent researches made by Gosio in tJie Public 
Health Laboratories at Bome, as to the influence of microphytes 
on arsenical wall-paper, it is found that, if certain moulds and 
microbes are cultivated and lUlowcd to grow in contact with 
arsenical preparations, arseniui-etted hydi-ogen is produced, 
The moulds seem to he the more active in effecting this trans- 
formation, and the viiicor miuredo seems to be the most active. 
Apparently the process consists in the production, by the 
growing moulds, of nascent hydrogen, which, in contact with 
the arsenical compound, forms arseniuretted hydrogen. 

Symptoms of poiBonin^ by arseniuretted or arseuetted 
hydrogen. This gas is the most puisuiiouK i:f tlie ar'Tcnical 
compounds, and as it produces symptoms difl'erent to those 

■ of acute arsenical poisoning, a special description of them is 

H necessary. 



;.;.';fo;"T.'. '4.]i\f*'.'K.: Vy r>: o >.-. ;:. pin. a: all -rVri:!*- lo ihe rapid 

\"*Ui ;i f'rv; ,•;..:; .Vr- V/ o;.'; o: :ivo I'-o-rs afi-er the irJi&lanon oi 
!ii«r ifn.>.. 'tU'Vi.i.t/':-:, vofr.jv .'.;.'. ar.'i ^r.iverln^ come on. followed 
\ti '/f'-ai ji/'/crratiof.' of r'.r'rr.^?:- and generally accompanied 
h; j/ii/tial ';r t:f,iuy\t:\t- '■?^;ppre--:on of urine. Deaih occurs 
\i'tin i'lv: to tv.*;rjtv-forjr 'iiivs after ihe inhalation. A case 
of f;it;il i/'ijv^nint' by this ;:as rxrcurred in the latter part of 
I'f^'JZ, Uj<: victim U:irji/ iJr. Sf;hultze. Professor of Chemistr\' 
in ih'r I'/jivcfhitv of Sjintiajzo. In his case the red blood 
'v;i|;ij ^<:l<r.i w<?M; diiuirjish^jrl, previous to the occurrence of 
<l<'{ii.li, to \ ,H( )(),()()() ])f'S rMiliic iiiilliinetre in place of the normal 
tt,(l(l(i(if^i p<'i' 'Millie iiiilliinotn;. Pro^essive ursmia followed, 
titui i\t'iii\i (K'.cmrfA in fivo davs. The tissues were found at 
tin* potit iiitn'U-.tii ffXiirriination in a state of fatty degeneration. 
Ill l\u' fiiajorify of cases of ])oisoniiif( by this gas, so small a 
(|iiiLiitily Imlh hf'f'ii in)ial(;(i, that its odour has not been recognised 
by th<f pfTHoiiK brciithin^ it. 

Aualyiii and teits. Ars(>iiic can 1)e detected by some of the 

fnllowifiK ti'KtH in vrry niinut(> (piantities. As it is not a normal 

riinhliluiMil of any of the tissues of tlie body, its presence in 

iLiiy iif (he or<<ans. even in th(> smallest quantities, has to be 

! iieei»nnle(l fnr ; it is, lh<'refoi(», very necessaiT that the toxicolo- 

I y,\t\\ shciulii riuefully test all chemicals and re-agents employed 

I HI I h(> detection of ars(>Mic for traces of that substance. Its 

removal from organic admixtures, such as from the \iscera 

t»r from tin* contents of th(» stomach, is best effected bv taking 

' achnntap'of tht» fact that the chloride of arsenic is volatile, 

I and can Im» s«']»arate«l from or«;anic matter by the process of 

• tlist illation. l'\>r tins purp«»se from two to four ounces of the 

liNcr. or of an\ of the oilier visorra to be examined, are minced 
and lIuMi thoroii'ihlN dried in a water-oven ; when drv. the 
Nuhsiance is powdeivil and drenched with strong and pure 
lixdiochloric acid, with which ii is allowed to digest in the cold 
for t w out \ -four hours. The uiixtuiv is then placed in a distil- 
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lation flask, which is adapted to a. Liebig's condenser (fig. 3) ; 
the flask is placed upon a sand-bnth and ihe contents heated 
until nearly dry. The acid distillate which contains any chloride 
of arsenic is received into a flask containing a little distilled 
water. The residue in the flask is then drenched a second 
time with hydrochloric acid, and submitted to a similar process 
of distillation. In this way all the arsenic ia obtained in the 
distillate, and can be tested tor by one or more of the following 




Of the various tests for ; 
cially it the apparatus show 



the most delicate, e&pe- 
;. 8 lie used, is Marsh's 



Manila icni.^This delicate t«st tor arsenic depends upon 
the conversion of the arsenic into arseniuretted hydrogen, and 
then obtaining from the latter a deposit of metallic arsenic. 
Hydrogen is generated in a suitable apparatus (fig. 4) from 
pure zinc and pure sulphuric acid diluted with water ; the gas 
is dried by passing it through a calcium chloride tube (tig. 4. a), 
and otter the escape of the air from the apparatus, the hydrogen 



J 
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is ignited as it issues from the end of the tube bent at a right 
angle. If some solution of arsenious acid, or of the chloride of 
arsenic obtained by the distillation process just described, be 
now poured into the apparatus by means of the funnel (fig. 4, b), 
the nascent hydrogen combines with the arsenic and produces 
arseniuretted hydrogen, the presence of which is quickly indi- 
cated by the hydrogen flame changing to a pale livid colour. 
If a piece of cold white porcelain, such as an evaporating dish 
or a porcelain crucible lid (fig. 4, c), be pressed down upon the 
flame for a moment or two, the cold porcelain becomes coated 




Fio. 4.— Mabsh's Api'Aiutvs 



with a l)lacki8h grey stain of metallic arsenic at the spot where 
the flame touches it. This is due to the fact that in arseniuretted 
hydrogen the two constituents are so loosely combined that the 
heat of tlie flame is sufticient to decompose the unburnt gas in 
the interior of tlio flame into metallic arsenic and hydrogen, 
and it is this linely-dividcd metallic arsenic which imparts to 
the flame the pale livid colour. Moreover, a low red heat is 
Hutticient to decompose arseniuretted hydrogen into its elements, 
so that if, instead of testing the gas in the manner just described, 
it is passed through a glass tube, the central portion of which 
is maintained at a red heat (flg. 5), a minor of metallic arsenic 



(fig. 5, a) depositB on the cooler part of the tube just beyond 
the heated portion. As it somewhat similar stain is obtained 
in the detection of antimony by means of Marsh's test, the 
following methods n)ay be adopted for the distinction of the 
arsenic and antimony stains. The deposit of metallic arsenic 
is soluble in a solution of bleaching- powder or o£ chlorinated 
soda, whereas the corresponding antimony deposit is insoluble. 
An even more deUcate test is to place the stain obtained in 
Marsh's test in a porcelain capsule, heat it with a few drops 
of pure nitric acid, and then add a small quantity of a solution 
of ammonium molybdate in nitric acid. Aulimony gives no 




precipitate, hut if arsenic be present a yellow precipitate 
separates. The melbods just described for the perfoimance of 
Marsh's test are those usually employed in the demonstration 
of the test for lecture purposes, and also (or the rough detection 
of arsenic ; but tor the detection of it in minute quantities the 
following arrangements constitute the most delicate means at 
the disposal of the toxicologist. 

The apparatus {fig. 6) is a modification of that suggested 
by a Committee of the National Health Society.' Into the 
generating bottle (tig. G, a), the stopper of which is ground to 

' Bril. Med. Jour.. 18»3- 
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tlie bottle so iia to uvoid the use of auy kiiid of cork, ptu« 2 
is introduced, and ia covered with distilled water, aad ihoi 
strong sulphuric acid ia added to generate hj'drogen. For tlu 
dehcate performance ot this test it is not desirable thai t 
evolution of the hydrogen should be too rapid ; but, as the pre 
duclioii ot the gas fram perfectly pure zinc and pure sulphuii 




acid ia sometimes very slow, its evolution may be facilitated b 
tbe addition of two or three drops of platinic chloride soluUoi 
to the contents of the flask, previous to the addition of t 
sulphuric acid. The hydrogen is passed through a calciuiq 
chloride tube (fig. 6, b) to Aiy it, and is then made to ] 
through a tube of hard glass six inches long, the first portiod 
of \vhich has an iuternal dianietei* of one-quarter of an incl 



while the second portion, which has been sealed on to its end, 

has an internal diameter of one-eighth of an inch. At the 
junction of the two (fig. 6, c) a small ping of asbestos is placed, 
and the portion which traverses the chimney is filled with a 
mixture of drj' sodium carhonate and charcoal, and at d another 
plug of anbestos is placed. The object of using sodium car- 
bonate and. charcoal mixture is to provide for the retention of 
any sulphur that may be present in the distillate from the 
viscera or contents of the stomach, wliich otherwise would 
interfere with the formation of the arsenical deposit. The 
hard glass tube traverses a fire-clay chimney (fig. 6, e), a 
section of which is shown ; the cliiiuney is one inch and three- 
quarters in diameter, and six inches high, and in the top edges 
two slots are filed to admit the tube to the depth of one inch. 
The tube is supported on a thin bridge of fire-clay of the same 
material as the chimney, the bridge being a quarter of an inch 
wide, one-eighth of an inch thick, and resting on the sides of 
the chimney at the bottom of the slots. The chimney surrounds 
a bunsen-bunier (fig. C, p) half an inch in diameter ; on the 
top of the chimney is placed an arched cliiy cover (fig. 6, (i). 
Round the narrower part of the glass tube, three-quarters of 
an inch from the chiumey, Is rolled a strip of calico (fig. G, h), a 
quarter of an inch wide, which passes three or tour times round 
the tube, and is then secured by a thi'ead, the free portion 
hanging down into a beaker. Water is allowed to drop fram a 
bottle (fig. 6. i) on to the portion of the calico wrapped round 
the tube at the rate of about 120 drops per minute. Wlien the 
evolution of the hydrogen is steady, and all the air has been 
displaced from the apparatus (which may be ascertained by 
testing from time to time the explosive nature or not of the 
gas escaping from the further end of the glass tube), the 
eacapmg hydrogen and the bunaen-buruer (fig. 6, f) are both 
lighted, and the portion of the glass tube traversing the fire- 
clay chimney is raised to, and maintained at, a red heat. The 
solution to be tested for arsenic is then poured down the funnel 
into the generating flask, small portions being added at a time, 
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and the action is allowed to continue for half an hour. If any 
arsenic be present, the formation of a brown or black mirror will 
be observed on the narrow part of the glass tube (fig. 6, k), 
between the clay chimney and the moist strip of calico ; if no 
mirror be formed, then arsenic is absent from the solution that 
has been introduced into the apparatus. By this test it is 
possible to very readily detect ^^^Vfi ^^ ^ grain of arsenic, and 
even T^oJlTTiT of a grain produces a distinct stain. If required, a 
portion of the tube containing the deposit of metallic arsenic 

may be cut oflF and weighed, 
and if the arsenic is after- 
wards driven from it by 
heat, and the tube re- 
weighed, tlie difference in 
the two weighings will 
give the weight of metallic 
arsenic present ; or the 
presence of arsenic may 
be verified by testing with 
ammonium molybdate dis- 
solved in nitric acid (see 
p. 171) ; or the metallic 
arsenic may be converted 
into crystals of arsenious 
oxide by the process de- 
scribed in connection w^ith Reinsch's test (see p. 175). 

EeinscJis test.— This test, if carefully performed, is also a 
veiy dehcate one for the detection of arsenic. It consists in 
boiling, for a few^ minutes to half an hour, a strip of pure bright 
copper foil or roll of pure copper gauze in the solution to be tested, 
previously adding one-sixth its volume of pure hydrochloric acid. 
Under these conditions the metallic arsenic deposits on the 
surface of the copper as a dark steel -grey film, or if in minute 
quantities the film has a puiplish colour. The acid liquid is 
then poured off, and the strip of copper is \vashed repeatedly 
with water, and dried, firstly, by pressure between folds of filter- 




Fto. 7.— Arsenic Crystals obtained by 
Keinsch's Test 

(Magnified BIO diameters) 
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paper, and, lastly, by carefully warming it some distance above the 
bunsen-flame. Tlie strip of copper with the deposit of arsetiic on 
it is transferred to a perfectly clean and dry narrow test-tul)e, 
and heat is applied to the bottom of the tube where the strip of 
copper ia lyint;, the tube hein^ held in an almost horizontal 
position, with its mouth partially covered by the thumb of the 
operator. The metallic itraenio becomes volatilised, and then 
oxidises to arsenious oside or white 
arsenic, which deposits on the cool 
part of the tube in small brilliant 
crystals consisting of perfect and 
imperfect octahcdra. If the portion 
of the tube containing the subli- 
mate is viewed under a microscope, 
using a quarter-inch or one-aixth- 
inch objective, the crystals will 
present the characteristic appear- 
ances shown in fig. 7. The following 
deUcale modification of Reinach's 
test is that recommended by a 
Committee of the National Health 
Society ' ; it consists in obtaining 
the deposit of metallic arsenic on 
a slip of copper by the method 
just described, and after carefully 
washing and drying the copper, it 
ia cut into line strips whilst held '^'":..^ 
vfith a pair of forceps, the copper 
not being touched at any time by 
the fingers of the operator, as the presence of a trace of 
grease interferes with the subsequent delicacy of the test. 
A thin glass tube a quarter of an inch internal thameter 
and an inch and three-eighths long, sealed at one end and 
lipped lilce a teat-tube at the other (fig. 8, a), is suspended by 
dropping it through a hole cut in a piece of stout sheet brass 
' BHt. Med. Jour., 1B83. 
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four inches long by two ^4de (fig. 8, b), so that the lip just 
suspends the tube, and the brass plate is then placed on 
the ring of a retort- stand. The tube is heated nearly to 
redness to expel any traces of moisture, and when cold the 
copper strips are placed in it ; above it, resting on the mouth 
of tlie tube, is laid a microscope slide (fig. 8, c), which has been 
previously warmed over a bunsen-flame till all the moisture first 
deposited has disappeared. The tube a is now heated with a 
bunsen-llame or spirit-lamp, the flame being allowed to play 

on the under surface of 
the brass plate; in a few 
seconds a subhmate ap- 
pears on the slide, and 
the application of the heat 
should be continued until 
this sublimate begins to 
shrink from the edges, and 
forms a patch just the size 
of the bore of the tube ; the 
flame should then be re- 
moved, the slide allowed to 
cool, and the sublimate ex- 
amined under the micro- 
scope with one-sixth inch 
ol)jective. If the sublimate 
be arsenic, it will be found to consist of octahedral and impei*fect 
octahedral crystals (fig. 9). In the performance of this test it is 
important that the copper foil should be, previous to use, quite 
free from arsenic. The method of detecting that impurity in the 
copper is to boil together equal parts of a solution of perchloride 
of iron and strong hydrochloric acid, and, while boiling, introduce 
the slip of copper in a polished condition ; if arsenic be present 
it is indicated in a short time by a black deposit on the copper, 
whereas if the metal be pure, its red colour will become more 
strongly nuirked. In addition to arsenic -antimony, mercurj', 
bismuth, tin, silver, platinum, palladimn, and gold are deposit^ 




Fi(». 9, -Arhknic Cryhtals rnxAisED by 

HkINSCH's TkST FllOM -j,!',,,, OF A GhAIX 

OK AiuiESic. (Maj^nified GSO diameters) 



on metallic copper when boiled with il iu an acid solutioD, and 
if sulphur conipouuda are present in the solution, these may 
form a brown or black deposit of sulphide of copper on the 
sui'tace of the foil. Of these deposits, three only— arsenic, 
antimony and mercury- -yield sublimates on heating. The 
arsenical sublimate is crystoUine. the antimony sublimate is 
amorphous (see p. 185), and the mercury sublimate when viewed 
under the microscope is seen to consist of globules of metallic 
mercu!7 (see p. 193). 

Wet tflrta for anenie. — J. If to an aqueous solution of 
arsenic some copper sulphate be added, and a dilute aolutior 
of ammonia atterwai-ds added drop by drop, a bright green pre- 
cipitate of copper arsenite (Scheele's gi-een) is thrown down. 
This precipitate is soluble in excess of ammonia, forming a 
dark blue solution. 

II. If to an aqueous solution of arsenious acid some silver 
nitrate be added, and a weak solution of ammonia afterwarda 
added drop by drop, a bright yellow precipitate of silver arsenite 
is obtained. 

III. If stannous chloride, dissolved in strong hydroclilorie 
acid, be added to a solution of arsenic in hydrochloric acid, a 
precipitate of metallic arsenic ia thrown down. This test is a 
fairly delicate one. 

IV. If sulphuretted hydrogen be passed through a solution 
of araenic acidulated with hydrochloric acid, a yellow precipitate 
of arsenious sulphide is thrown down. This precipitate ia 
soluble in alkalies and in ammonium sulphide. The verification 
of the arsenical nature of this yellow precipitate can be effected 
by drying and heating it with a mislure of thi'ee parts of dry 
sodium carbonate and one part of dried potassium cyanide, 
when a sublimate of metallic arsenic is obtained to which the 
various tests described on p. 171 may be apphed. The distillate 
COntaJning chloride of arsenic, which is obtained in the process 
of removing arsenic fi'om the viscera (see p. 168), may be 
diluted with water and tested by the sulphuretted hydrogen 
test. The precipitate of sulphide of ai'senic should be collected, 

VOL. I. K 
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washed, dried, mixed with a mixture of dried sodiam carbonata 

and potdssium cyanide in the proportions just ineultoned, 
and intrnducec) into & hard glass tul^e similar lo that described 
in connection with Marsh's tesl (tig. 10), Through this tuba 
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a stream of dried carbonic acid gas should be passed. 
applying heat to the mixture of the arsenical sulphide and 
the sodium and potassium salts, a sublimate of metaUic arsenic 
is obtained in the cool pan of the tube anterior to the heated 
portion, in the position shown in lif{. 10. This subJiuiiite can 
tliun be suhujitted to appropriate tests. 

Detection of aruaic in wall-paper.— I. A somewhat rough 
and ready test tor the detection of arsenic in wall-papei- is to 
place a square inch of the paper with the coloured surface upper- 
nmst in a small porcelain dish ; distilled water is [X>ui'ed on so 
as just to cover the paper, and a (cw drops of solution of 
ammonia are added. After standing for a minute or two, a 
crj'stul of silver niti'ate is dropped into the dish on to the sur- 
face of the piece of paper, when, if arsenic he present, a yellow- 
deposit of silver arsenite will occur around the edj^e and over 
the surface of the crystal. The working of this test depends 
upon the solubihty of Scheele's green (copper arsenite) in r 
weak solution of ammonia, and tlie precipitation froua this 
solution of the yellow silver arsenite in the presence of excew 
of silver nitrate. 

II. Reiusch's test may be employed for the detection ij 
arsenic in wall-paper. Some of tlie paper is cut into s 
pieces, which are digested in dilute hydrochloric acid, ■ 
heat, for a few minutes. The acid liquid is then potn 
off and lioiled with a strip of bright copper fuiE, and tho 1 
proceeded witli in the maiiuei" described under Keinsoh's 
(see p. 17i). 
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m. The best and most delioate test is to employ the modifi- 
cation of Marsh's test descriJjed on p. 172. The extract of the, 
paper is made by talting five square inches of the wall-paper cut 
up in small pieces, and digesting thera with warmth in either 
dilute hydrochloric acid or dilute sulphuric acid. This acid solu- 
tion is then introduced into the generating bottle of the Marsh a 
apparatus, all the details described on pp. 171-174 being care- 
fully observed. A paper, yielding, when tested under these 
conditions, a distinct black and lustrous deposit which is suffi- 
cient to cut off, at any point, a black line on a white ground, 
technically known as thick rule, should be condemned, pro- 
vided the absolute purity from arsenic of the materials 
employed for testing has been detennined. An estimation of 
the amount in the wall-paper may be made by comparing the 
mirror obtained with a set of standard mirrors obtained under 
similar conditions from known amounts of arsenic. 

Eitiinatioii of anenic : I. By jiredpitation as arsenhiis ml- 
pkiilc u-ilh Hidjihuyctlptl kyilrogcn.^A measured quantity of the 
hydrochloric acid distillate obtained from the viscera by the 
process described on p. 168 is diluted with water, and a stream 
bf pure sulphuretted hydrogen is passed through the Uquid ; 
the sulphuretted hydrogen is best prepared by applying heat 
to a solution of magnesium sulphydrato, when the gas is readily 
evolved in a pure state. After the complete precipitation of the 
arsenic as sulphide, a stream of carbon dioxide is passed through 
the liquid to displace the excess of sulphuretted hydi-ogen, and 
the yellow sulphide of arsenic is collected on a filter and weighed ; 
or either of the two following methods may be employed (or the 
weighing of the precipitated sulphide of arsenic in some other 
pure form. 

(a) The precipitate of arsenious sulphide is dissolved in 
solution of ammonia, filtered if necessary, and the ammoniacal 
solution evaporated to diyuess in a. porcelain dish, and care- 
fully heated on a sand-bath to carbonise any organic matter 
that may be present, without volatilising any of the axsenious 
sulphide. The residue is again dissolved in ammonia, filtered 
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if necessary, evaporated to dryness, and the residue dried in a 
water-oven and weighed as arsenious suphide.^ 

(^) Another method, advised by Backstrom,^ consists in 
weighing the arsenic as pentoxide. The precipitate of arsenious 
sulphide is dried on the water-bath, and is oxidised by repeated 
careful additions of fuming nitric acid in small portions. The 
liquid is transferred to a platinum crucible, and, after evapora- 
tion, is heated to a temperature just short of redness to expel 
sulphuric acid. The residue, which is arsenic pentoxide, is then 
weighed rapidly, as it is a hygroscopic body. 

II. A method described by Clark ^ is to obtain the arsenic in 
the form of a deposit on copper by Eeinsch's process, by the 
repeated boiling of successive strips of copper foil with the 
substance to be tested, in the presence of dilute hydrochloric 
acid. When all the arsenic is thus deposited on the strips of 
copper, they are placed in a mixture of dilute caustic potash 
and peroxide of hydrogen and allowed to digest in the cold ; 
the peroxide of hydrogen and alkali dissolve ofif the arsenic, 
forming potassium arsenate. The alkaline liquid is then poured 
ofif the copper, heated to boiling, filtered to get rid of oxide of 
copper, and evaporated to a small bulk. This is distilled with 
strong hydrochloric acid and ferrous chloride in a distillation 
flask, the distillation being repeated a second time. From the 
distillate, diluted with water, the arsenic is precipitated by 
means of sulphuretted hydrogen, and the precipitate is treated 
by one or other of the methods described above. 

III. Another method of estimating arsenic consists in 
obtaining a deposit of metallic arsenic in the depositing tube of 
a Marsh's apparatus (see p. 171), and weighing, firstly, that 
part of the tube which contains the mirror, and, secondly, the 
same portion after the deposited arsenic has been dissolved off. 

* Mohr, Chem. Toxicologic^ 56. * Zeit. atial. Chem.^ 31, 663-65. 

* Chem, Soc. Jour., 1893. 
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Poiaooing by sntimon; Bolts — Acnte and chranic poiaoning b; antimony 
Bftlts— Poisoning by mercury prepinilionB - Acute mercurial poisoning — 
PwBonous projinrationa o( mercury -Chronio merourinl poiHoning — 
Poiaoning by icad salts — Acute leod poisoning— Chronic lead poigoniog 
— Inilaetrial and accidental causes of lend poisoning. 

Antimony 

The preparations of antimony met with in toxicological enquiries 
are practically only two in number^viz. tai'tar emetic and 
chloride of antimony. Tartar emetic, or tartarated antimony 
as it is sometimes called, is an osytartrate of antimony and 
potassium, and in email doses is used in medicine as a depressant 
expectorant. Tartar emetic has occasionally been sold by mis- 
take Eor tartaric acid, and also for cream of tartar. Chloride of 
antimony, or butter of anthnony. as it is commonly known, is 
an extremely acid liquid, containing the chloride of antimony 
dissolved in excess of strong hydrochloric acid. It is prepared 
by the action of strong hydrochloric acid on the native crude 
sulphide of antimony or black antimony, and. since that sub' 
stance contains a quantity of iron, the butter of antimony of 
commerce is a liquid of a reddish-brown colour, from the pre- 
sence of chloride of iron ; it is technically known as bronzing 
liquid. 

Symptomi. — The symptoms of poisoning by butter of anti- 
mony are tlioae of antimony poisoning and, in addition, those of 
poisoning by hydrochloric acid, on account of the large amount 
of free acid contaiued in it, so that butter of antimony is not only 
a metallic poison, but a corrosive one as well. The symptoms 
that will now be described are those of poisoning by tartar 
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emetic, (i) A strong metallic taste, which comes on almost 
immediately after swallowing the poisonous dose, (ii) A feeling 
of gi-eat heat and constriction of the throat, (iii) A sensation 
of violent burning pain is generally felt in the stomach a few 
minutes after swallowing the poison, (iv) This is followed 
quickly by profuse vomiting. Blood may be present in the 
vomit, but is generally absent, (v) Profuse purging occurs, and 
is frequently accompanied by tenesnms. (W) Faintness and 
extreme depression supervene. The pulse is small and rapid, the 
surface cold and frequently cyanosed, and bedewed with sweat. 
There is shivering, and the respiration is slow and laboured. 
(vii) Violent spasms of the muscles of the extremities sometimes 
occur, (viii) The urine may be almost entirely suppressed. 
(ix) Occasionally a comatose condition has followed the taking 
of tartar emetic, as in a case recorded by Dobie.^ 

Treatment and antidotes. — If vomiting has not occurred, it 
should be induced by means of an emetic of mustard and water, 
or by tickling the fauces with a feather, or the stomach-pump 
or tube may be employed if free vomiting does not occur. In 
cases of poisoning by * butter or chloride of antimony ' the 
stomach-pump should not be used. After the stomach has 
been emptied, a drachm of tannic acid, dissolved or suspended 
in warm water, may be administered, w^ith the object of 
forming an insoluble tannate of antimony. Opium should be 
given to relieve the pain, and ice nuiy be administered to allay 
the vomiting and gastric irritation. Demulcent drinks, such as 
linseed tea, almond mixture, and milk, may be taken, and 
warmth and stimulants should be employed, if necessary, to 
overcome the depressing action of the poison. 

Post-mortem appearances.— In cases of acute poisoning by 
antimony the stomach and intestines are generally inflamed; 
ecchymoses of the mucous membrane are frequently present, 
and ulceration of the gastric mucous membrane is sometimes 
found. Inllammation maybe absent in casesof chronic poisoning 
by tartar emetic. In the case of Mr. Bravo, who was poisoned 

' The Lcmcct. 1887. 




by tartar emetic in 1876, the stomacli and duodenum w 
and yellowish on their mucous surfaces ; there were ulcers in the 
cfEcum, and the remainder of the large intestine was deeply 
blood -stttincd, but without ulceration. The lungs are (re(|ueiilly 
found congested in cases of poisoning by tartar emetic. 

Fatal dose. — Probably from five to fifteen gi-ains of tartar 
emetic represent a minimum fatal dose tor a healthy adult, but 
recovery has taken place after taking 200 grains of this poison. 
It should, however, be remembered that a dose of tartar emetic, 
administered or taken at once, may not be attended with the 
same amount of danger to life as if the same quantity were 
given in small doses over a pi-olonged period of days, or even 
weeks. In two cases described by Taylor, three-quarters of a 
grain of tartai' emetic proved fatal to a cliitd, and two grains to 
an adult. In tfaese cases there were diseased conditions present 
which favoured the fatal operation of the poison. 

Patel period, —The shortest time in which tartar emetic 
has produced a fatal result is seven hours, but death may occur 
after the lapse of several days. Small doses of tartar emetic 
may occasion the death of persons suffering from pneumonia 
and bronchitis, by the depressing influence of the drug on the 
heart and nen-ous system. 

Chronic paiEonlnf by antimony.— Tartar emetic has on 
several occasions been t^Hveii with a criminal intent in small 
doses to invalids, and in the majority of cases of death from 
homicidal poisoning by taitai- emetic this method of administra- 
tion has been employed. In this way the ner\-ou8 anij circu- 
latory systems become progressively depressed, and, on account 
of the persistent vomiting and purging, the retention of food is 
impossible, and so a fatal issue is brought about. The symptoms 
of chronic poisoning by antimony are similar in many respects 
to those previously detailed, but as they are apt to lie mistaken 
for the symptoms of disease, a brief recapitulation of them may 
be advisable. They are :^Nausea, vomiting, chi^onic diarrhcea 
(sometimes alternating with constipation), smalt rapid pulse, 



I 



i84 7 OX ICO LOGY 

muscular weakness, cramps, depression, clammy skin, and cold 
sweats. 

Analysis and tests : I. Sulphuretted hydrogen test, — Anti- 
mony sulphide is an orange-red precipitate, the colour being 
very characteristic. If hydrochloric acid be added to an aqueous 
solution of tartar emetic, a white precipitate of oxychloride of 
antimony is first thrown down, which, however, is soluble in 
excess of hydrochloric acid. If sulphuretted hydrogen be now 
passed through this acid solution, an orange-red precipitate of 
antimony sulphide falls. This precipitate is soluble in alkalies 
and in ammonium sulphide. To ohtain this precipitation of 
antimony sulphide in the detection of antimony in the contents 
of the stomach or in the viscera, a tartaric acid extract should 
])c obtained by heating the contents of the stomach, or ihe 
finelv divided viscera, with a solution of tartaric acid on a 
water-bath for about half an hour ; the matters should then be 
strained through fine cambric and the liquid concentrated by 
evaporation. Sulphuretted hydrogen gas should then be passed 
for some time through the liquid, when a dirty orange-red or 
brown precipitate will be thrown down, consisting of antimony 
sulphide, organic matter, and sulphur. This impure sulphide 
should be washed, transfeiTcd to a porcelain dish, and some 
pure nitric acid added; the whole should be evaporated to 
dryness, and, if necessary, the operation should be repeated 
until the orj^'anic matter is destroyed. The residue is then 
waimed with a solution of caustic potash, filtered, evaporated 
to dryness, and the residue* fused ; the cooled mass (which con- 
sists of potassium antimonate) is boiled with water acidulated 
with tartaric acid and filtered ; from the filtrate sulphuretted 
liydro<^en will throw down the characteristic pure orange-red 
antimony sulphide, or the filtrate may be employed for the 
detection of the antimony by Marsh's process. 

n. licinsrh'a method. — If to a solution of an antimony salt 
suflicient hydrochloric acid be added to dissolve any precipitate 
at first thrown down, and a strip of bright copper foil boiled in 
it, a purplish or dark grey film of metallic antimony, according 
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to tile amount present, is deposited on the copper. If the strip 
of copper be then ^va,ahed, dried, and heated in a small tube in 
the manner desciibed in connection with Eeinsch'g lest for 
arsenic, a white sublimate of antimony oside is obtained, which 
differs froro the arsenical sublimate in that it is amorphous, 
and is deposited on the sides of the tube much nearer the 
copper than the arsenical sublimate is, on account of the greater 
volatility of arsenic. If the sublimate be examined under the 
microscope, no trace of a eryatalliue appearance can be seen. 
The sublimate of antimony oxide thus obtained may be dissolved 
by warming it with a weak solution of tartaric acid, and if 
sulphuretted hydrogen be then passed through the solution, the 
orange-red coloured sulphide of antimony is thrown down. 

III. 5fori/i's((.'s(.^The bquid to be tested for antimony may 
1)0 examined by Marsh's process, as described in connection 




wilh ihc corresponding test for arsenic (see p. 169). If the 
deposit of metaUio antimony be obtained upon a porcelain 
evaporating dish, it can be distinguished from the coiTespouding 
arsenical deposit by its being insoluble in a solution of chlori- 
nated lime (bleaching powder), or of chlorinated soda, whereas 
the arsenic deposit is soluble in either of those solutions ; or the 
stain may be heated with a few drops of pure nitric acid, and a 
sroall quantity of ammonium molybdate in nitric acid added, 
when antimony yields no precipitate, whereas arsenic produces 
a yellow one. If the deposit be obtained in the hard glass 
depositing-tube, it generally forma in two portions on either side 
of the heated part of the tube (fig. 11), the deposit on the side 
of the tube nearest to the generating bottle being much lighter 
than that on the opposite side ; the t^\'o deposits are most widely 
separated at the under and hottest part of the tube. The deposit 
of metallic arsenic, obtained in a similar manner, only forms on 
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that portion of ths tube furthest from the generating bottl* 
(tig. 13). The reason tor the different positions of the two dep< 
sits is, that metalhc antimony ia much lessvoktile thanarseaio- 
At the edges where the deposit ia fading away it does not show 
a brown appearance, such as is present in the case of a 



Antimony may be detected in the viscera by boilinga portio 
of the organs, finely cut up, in a mixture of one pari of hydro^ 
chloric acid and fit'e parts of water, the solution being teste " 
by Reinsch's process, or by placing it in a platinum dish in whichi{ 
a small piece of pure tin or Kinc is placed ; where thi 
come in contact with each other a black deposit of melallii 
antimony is formed either in a few minutes or in the course fl 
a few hours. A more dehcate methotl of detecting the &ntimonj<j 
in the hydrochloric acid decoction of tlic riscus is to introduoi 
into it a piece of platinum foil, around which a piece of aim 
foil has been coiled, the acid decoction ha^-ing been suffioientln 
diluted to prevent too violent an action on the zinc. After a 
time the platinum is coated with a depof^it of metallic antimonWI 
which may be washed off, nitric acid added to the residue, aild| 
the acid h<)uid evaporated to dryness ; on dissolving the residiu 
in hydrochloric acid, diluting, and passing sulphureljed hydl 
gen, the orange-rod precipitate of antimony sulphide is throw 
down. 

Estimation of antimony.— From the hydrochloric acid i 
coction the antimony may be precipitated by means of i 
phm-etled hydrogen as sulphide of antimony, probably mix* 
with free sulphur ; after the complete precipitation carbc 
dioxide is passed through the Uquid to expel the excess ( 
sulphuretted bj-drogen. The precipitate is collected on i 
filter, washed, gently dried in a water oven, and transferred t 
a platinum boat, which is then introduced into a piece ( 



combuslion tube, through which a stream of carbon dioxide is 
kept passing. The portion of the combustion tube upon which 
the platinum boat is resting (trig. 13) is then carefully heated, 
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until the orange -coloured sulphide is converted into the black 
sulphide ; in this way the free sulphur and inoistin-e are got rid 
of, and the residue, which consists of pure antiniony sulphide 
in the black condition, can be weighed. 

Mebcuby 

Metallic mercury, in its ordinary condition, can scarcely be 
regarded as a poison, as only under very exceptional condi- 
tions has it ever produced toxic symptoms ; but it applied to 
the skin or mucous menihranes in a finely divided state, as in 
mercurial ointment or blue pill, or if it be introduced into the 
lungs iu a state of vapour, then its toxic effects may be readily 
produced. The principal poisonous salt is the perchloride of 
mercury, or corronve iubUmale, also known as bichloride of 
mercury and mercuric chloride ; this salt is soluble in water, 
but is much more ao in alcoholic liquids. The other poison- 
ous mercurial preparations are mercm-ic nitrate (present in 
the B.P. acid solution of nitrate of mercury}, mercuric oxide 
or red precipitate, ammotiiated mercury or white precipitate, 
and calomel, if taken in large doses or by persons peculiarly 
susceptible to its inBuence. Grey powder (mercury and chalk), 
if kept for a long time and exposed to light, may acquire toxic 
properties from a portion of the finely divided mereury be- 
coming converted into an oxide. 

Mercurial poisoning may he either acute or chronic- 
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Acute Mercurial Poisoning 

Symptoms. — These come on immediately after or within a 
few minutes of swallowing a poisonous dose of mercuric chloride 
or corrosive sublimate. They are : — (i) A strong metallic taste. 
(ii) A feeling of constriction, with burning heat in the throat, 
passing down to the stomach, (iii) A violent pain in the abdo- 
men, which pain is increased by pressure, (iv) Vomiting of 
white shmy masses, which are frequently streaked with blood. 
(v) Purging accompanied by tenesmus. Blood is frequently 
present in the stools, (vi) Collapse accompanied by a cold 
and clammy skin, cyanosis, and a small irregular pulse, (vii) 
Suppression of urine for twenty-four hours or longer not un- 
commonly occurs, and any urine that is passed generally 
contains albumen, and sometimes blood. 

Acute mercurial poisoning may result from the external 
application of some mercurial preparation, or from the injection 
into the uterus, or into large abscess cavities, of a solution of 
corrosive sublimate. For instance, symptoms of acute mercurial 
poisoning, followed in some cases by death, have resulted from 
the external application of corrosive sublimate to tumours or 
ulcers, a method sometimes resorted to by quacks for the 
destruction of so-called cancer ; similar toxic symptoms have 
resulted from injecting a solution of corrosive subhmate into 
psoas abscess cavities, and into the uterus after childbirth. A 
case is described by Sackur • in which a girl, aged twenty, 
sprained her wrist, and on the subsequent supervention of 
lymphangitis, mercurial ointment was apphed and rubbed into 
some cracks on the hand. She subsequently suffered from 
several of the symptoms of acute mercurial poisoning, and five 
days after the inunction of the ointment, paralysis of the 
extremities supervened and the patient died; the amount of 
ointment used was small, and, in all probability, some idiosjoi- 
crasy must have been present to account for the ready and fatal 
toxic effect. 

' Berh Klin. Woch., 1892. 
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Treatment and antidotea. — Some fonn of albumen should 
be administered at once in order to counteract the irritant 
effect o( the coiTosive sublimate, which is then converted into 
an insoluble albuminate of mercury : as quickly as possible 
after this the stomach-pump 01' tube should l>e employed to 
wash out the stomach, or an emetic should be administered. 
The albumen may be aduiijiiatered in the form of raw white 
of egg stin-ed up with water, or a tumblerful of milk may be 
given, or the vegetable albumen or gluten present in flour may 
be utilised, a tal)le spoonful of fiour being administered in a 
tumblerful of milk or water. The albuminate of nieroury bo 
formed must, however, be removed by emptying the stomach 
by means of the pump, or by an emetic, as it may become 
ultimately digested and absorbed, or the mercurj' may be carried 
into the circulation owing to the solubility of the albuminate 
of mercury in excess of albnmen. Opium should be administered 
to reUeve the pain and purging, and opium enemeta employed 
if the tenesmna be distressing. Demulcent drinks should be 
freely given. 

FoBt-mortem appearances. —The mucous membrane of the 
lips, mouth, and toiif^uc is more or less whitened, and usually 
swollen und soft ; a similar condition may be found in the 
mucous membrane of the cesophagus. Tlie mucous membrane 
of the stomach is swollen, iuflanied, and occasionally corroded. 
The small and large intestines are also sometinics found in- 
flamed, but the large intestines are generally more jifTected 
than the small, the mucous membrane of the colon and rectum 
being frequently deeply injected, and presenting indications of 
hiemorrhage, and sometimes even of ulceration. If the jKiison- 
ing be acute, parenchymatous inflammation of the kidneys may 
be present ; but when the poisoning is more chronic, that form 
of inflammation is less marked, and interstitial nephritis is 
the more prominent condition. In the lungs Kaufmaim lias 
noticed thromboses in the capillaries, due, as be beUeves, to 
alteration of the blood. 

Fatal doae.— The smallest quantity of corrosive sublimate 
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that has proved fatal is two grains, which occurred in the case 
of a child (age not given). From three to five grains of cor- 
rosive sublimate probably represent the minimum fatal dose 
for an adult, but recovery has taken place after swallowing 
100 grains. 

White precipitate, or ammoniated mercury, is not so 
poisonous as corrosive sublimate, but thirty-five grains of it 
have caused the death of an adult, although 120 grains, and 
even more, have been taken without a fatal result, when the 
treatment has been fairly prompt. Experiments made by Pavy 
on rabbits indicate that the toxic effects of this substance are 
more powerful than was formerly considered to be the case. 
Rabbits (which do not vomit) were killed by doses of four or 
five grains in a few hours, and after death mercury was found 
deposited in the various organs. The salt has been regarded 
either as non-poisonous or as owing its poisonous properties to 
variable amounts of perchloride of mercury contained in it ; but 
this most probably is an incorrect view, the salt itself being 
doubtless a poisonous one. 

Bed precipitatey or mercuric oxide, in large doses produces 
symptoms of acute mercurial poisoning. In a case related by 
Ord,' in which a teaspoonful was taken, vomiting, diarrhoea and 
abdominal tenderness occurred ; recovery took place. 

Mercuric nitrate is a powerful corrosive owing to its being 
mixed with free nitric acid. Death has resulted from its internal 
use ; half an ounce of the solution has caused the death of 
an adult ; death has also resulted from the injection of it into 
the pregnant uterus, done with the object of procuring a criminal 
abortion, and also from its external use as an escharotic. 

Calomel, or subchloride of mercury, or mercurous chloride, 
although commonly administered and regarded as a mild medi- 
cine, may occasionally destroy life even in comparatively 
small doses, owing to idiosyncrasy to the action of the drug ; 
for instance, death has resulted from the administration of six 
grains of calomel to a boy aged fourteen. 

» The Lancet, 1888. 
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Cinnabar y or vermilion (mercuric sulphide), is sometimes 
employed as the colouring matter in the vulcanised rubber used 
for mounting artificial teeth, and occasionally has been the 
cause of the following symptoms of mercurial poisoning, viz. — 
metallic taste in the mouth, inflammation or ulceration of the 
gums, weakness and want of nervous power, and eruptions on 
the skin. 

Mercuric cyanide is an active poison, and is almost as 
powerful in its action as corrosive subUmate. 

Turpeth mineral (mercuric oxysulphate) is also a poisonous 
mercurial preparation ; forty grains have proved fatal. 

Mercury is eliminated in the urine, faices, saliva, and sweat ; 
in the case of a mother suckling her child, it may be present 
in the milk. 

Fatal period. — The shortest time in which corrosive subli- 
mate has produced a fatal result is half an hour. Commonly 
from one to five days elapse in cases of acute mercurial poison- 
ing ; in one case an adult took seventy grains of corrosive subli- 
mate, and death did not occur till the twelfth day. 

Chronic Mercukial Poisoning 

The symptoms of chronic mercurial poisoning due to the 
taking of repeated small doses of mercury, or of one of its pre- 
parations, into the system are different to those of acute 
mercurial poisoning. They especially occur among workpeople 
engaged either in the preparation of the metal or in its employ- 
ment for the preparation of various articles, such as amongst 
workers in quicksilver mines, looking-glass makers, thermometer 
and barometer makers, and also amongst those employing 
mercurial preparations, such as bronzers and fumers. Chronic 
mercurial poisoning is also occasionally produced by the ap- 
plication to the skin of a solution of some mercurial salt. A 
so-called * skin tonic,* containing 16 gi'ains of corrosive sub- 
limate in each fluid ounce, has for some time been indis- 
criminately sold in this country as an application to the 
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skin for the purpose of improving the complexion ; this 
highly injurious preparation had in one case produced some- 
what severe mercurial poisoning, and the case in question 
came before one of the Dublin Law Courts. Formerly, 
when mercury in the form of blue-pill was given in large 
and repeated doses for the treatment of secondary syphilis, 
it was not an uncommon event for some of the symptoms 
enumerated below to be produced. The following are the 
symptoms of chronic mercurial poisoning, and the usual, though 
not universal, order in which they occur : (i) Nausea, anorexia, 
colic, and vomiting, (ii) General depression of the system, with 
loss of flesh and failure of strength, (iii) The salivary glands 
become inflamed and painful, (iv) Stomatitis, the gums and 
tongue becoming red, swollen, and sore, and the breath fetid. 
Acute periostitis of the jaw occasionally occurs, as in a case 
reported by Staveley and Pedley,^ in which this affection re- 
sulted from the use of mercurial lotion for improving the 
complexion, (v) Salivation is a connnon symptom, and some- 
times a blue line forms near the junction of the gums with the 
teeth, (vi) A peculiar cachexia, or form of anaemia, frequently 
supervenes. Erythematous, eczematous, or pustular rashes 
may occur, (vii) There may be mental excitabiUty, passing 
into the mercurial tremors or trembles. These tremors com- 
mence in the tongue and face, then spread to the arms, and 
later to the legs ; in character they somewhat resemble the 
tremors of paralysis agitans, in that the movements are fine ; 
at first they are produced only by exertion, as in disseminated 
sclerosis, but subsequently the tremors become continuous ; 
as a rule, they cease during sleep. 

Analysis and tests. — I. Sulphuretted hydrogen gives with a 
solution of corrosive sublimate, acidified with hydrochloric acid, 
a black precipitate of mercuric sulphide. If the solution of the 
mercuric salt be strong, the precipitate generally at first comes 
down of a yellowish-white colour ; then, as more sulphuretted 
hydrogen is passed in, the light-coloured precipitate passes 

• BriU Med. Jour., 1893. 



through successive stages of dark yellow, orange &nd brown, to 
a black colour. These colour-stai^ea are due to the partial 
displacement, at first, of the acid radical of the mercury salt by 
the sulphur. 

II. Potassium iodide gives with a solution of a mercuric 
salt a precipitate of red mercuric iodide ; tho precipitate is 
thrown down at first of a yellowish colour, which rapidly 
changes to red ; it is soluble in excess of either the raercuHc 
salt or of potassium iodide, but especially so in the tatter. 

III. If a solution of a mercuric suit be acidified with a. few 
drops of liydrochloric acid, 
and then boiled for a few 
minutes with a strip of bright 
copper foil, metallic mercury 
is deposited on the surface 
of the strip of copper, im- 
parting to it a characteristic I 
lustre resembling polisbe<l 
silver. It the strip of copper 
be washed with water, care- 
fidly dried, and then heated 
in a small dry test-tube or 
reduction-tul>e, a sublimate 
of metallic mercury is ob- 
tained on the sides of the 
tube. This sublimate, when 
rubbed with a glass i-od, produces characteristic globules of 
mercurj'. or, previous lo such rubbing, the sublimate may be 
viewed under a one-inch power of the microscope, when the 
characteristic appearance of the globules of mercury is well 
seen {fig. 14). After examining the mercurial deposit under 
the microscope, the presence of the mercury can be verified by 
removing the piece of copper foil and placing a scale of iodine 
at the bottom of the tube, which is then corked up and left tor 
a tew hours; the vapour of the iodine unites with the mercury, 
and converts the mercurial film first into the yello\ 
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which in its turn gradually changes to the scarlet mercuric 
iodide ; this test is an extremely delicate one. 

Instead of depositing the mercury on copper, the following 
delicate method for the detection of mercurj- may be employed. 
A small electrolytic couple is made by twisting a strip of gold 
foil round a piece of zinc foil ; the solution to be tested is slif^htly 
acidulated with hydrochloric acid, warmed, and the electrolytic 
couple suspended in it for some hours ; if mercurj- be present, 
even in very minute amount, the gold loses its colour, and 
acquires a silvery appearance from the deposition of metallic 
mercury on it, the zinc becoming more or less dissolved. The 
slip of gold foil is then washed, first in water, then in alcohol, 
finally in ether, and is dried by exposure to the air ; if it be then 
submitted to heat in a small dry test-tube or reduction-tube, a 
sublimate of metallic mercury is obtained, which may be ex- 
amined by the methods and tests previously described. 

IV. Caustic potash and caustic soda both give with solutions 
of mercuric salts a yellow precipitate of mercuric oxide. 

All the tests above described may be applied to white pre- 
cipitate (annnoniated mercury) and to red precipitate (mercuric 
oxide) by previously dissolving these substances in hydrochloric 
acid of suitable strength. 

Tests for merourous salts. —I. Hydrochloric acid gives with 
a solution of a mercurous salt a white precipitate of mercurous 
chloride (calomel) ; this precipitate is blackened by the addition 
of ammonia. 

II. Potassium iodide gives a dirty green precipitate of mer- 
curous iodide with mercurous salts. 

III. Caustic potash and caustic soda both give a black 
precipitate of mercurous oxide with mercm-ous salts. 

Calomel can be detected by either of the two last-mentioned 
tests. 

ristributioii of mercury in the body.— Mercurj- is deposited 
in the kidneys, liver, spleen, and intestines ; the large intestines 
always contain more than the small ; traces of mercury are also 
found in the brain, lungs, and salivary glands ; but, according to 
UUmann, the saliva does not contain mercury, and, according 
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to that authority, saUviitioii as the resuU of mevcui'uilisation is 
to be regarded as a, reflex phenomenon. 

Ettimation of mercury in the urine and viscera. — The urine 
is concentrated by evaporatiou and mixed with hydiocbloric 
acid, or the viscu? to be examined is minced, and then digested 
i\-ith equal parts of water and hydrochlonc acid, and the organic 
matter present in the urine or organ to be examined is de- 
stroyed by the addition of potassium chlorate (see p. 117) ; the 
mercury is then r(mio\'ed from the solutiou Ijy means of electro- 
lysis. To effect this, the liquid, filtered after the destniction 
of the organic matter by hydrochloric acid and potassium 
chlorate, and subsequent heating to expel chlorine, is placed in 
a glass cell,' the bottom of which consists of a sheet of vege- 
table parchment. The cell is then immersed in an outer cell, 
containing distilled water acidulated with a few drops of 
sulphuric acid, so that the hquids in the inner and outer cells 
stand at the same level. A piece of gold foil is submerged in 
the liquid contained in the inner cell, and is connected with the 
cathode of four Grove's cells, while a piece of platinum foil con- 
nected with the anode is immersed in the outer cell ; the pieces 
of foil are so placed as to be opposite to each other, hut separated 
by the parchment diaphragm. The circuit is then closed for 
six or eight hours, after which the piece of gold foil is removed 
with the mercury deposit on it. It is washed first with water, 
then with alcohol, lastly with ether, and then carefully di-ied 
and weighed. The toil with the deposit is then introduced into 
a piece of hard glass tubing through which a curi'ent of dry air 
is passed, and sufficient heat is applied to drive olf the mercury 
from the foil on to the tuhe ; the gold foil is then re-weighed, 
the loss of weight representing the mercury previously deposited 
on it, and for control purposes the tube is weighed with the 
deposit, and again after it has been driven off by heat. Mercury 
may he estimated in saliva, if it be present in the seci-ction. 
by a similar process, but omitting the previous employment of 
potassium chlorate. 

' Diian Mann's. Forensic Med. a'ld Toiieol, ISflS. 
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Lead 

The two salts of lead which are of particular medico-legal 
importance, are the acetate of lead or su^ar of lead, and the 
carbonate of lead or tchite lead. In addition, toxic efifects may 
be produced by the oxyacet.ite of lead as present in Goulard's 
lot ion y by the red oxide of lead, and by chromate of lead ; also, 
if fine particles of metallic lead are repeatedly taken into the 
system, poisonous effects are produced. Of the various lead 
compounds, the acetate is most frequently taken as a poison. 
It has a sweetish taste at first, and hence is called sugar of lead, 
but this sweetish taste is soon succeeded by an astringent 
metallic taste ; it is not a very active poison, though it is 
commonly considered to be a virulent substance. The lead 
salts act as mild irritants. Accordingly as large doses are taken 
at once, or small doses at repeated intervals, the symptoms of 
acute or chronic lead poisoninj^ result. 

Acute Lead Poisoning 

Symptoms. — (i) A short time after swallowing, a burning 
sensation is felt in the throat, with drj-ness and thirst, (ii) 
Vomiting generally occurs within about half an hour. (iii) 
Severe colic, the pain being relieved by pressure ; the abdo- 
minal walls are tense and sometimes retracted, (iv) Con- 
stipation occurs ; if any fa?ces are passed, they are of a dark 
colour from the presence of sulphide of lead, (v) The urine is 
frequently partially suppressed, (vi) Nervous symptoms may 
appear, consisting of prostration, pains in the head and limbs, 
cramps in the calves of the legs, general numbness, and occa- 
sional paralysis of the limbs. 

Treatment and antidotes. — The stomach should be emptied 
and washed out by means of the stomach-pump or tube. Half 
an ounce of magnesium sulphate should be afterwards admi- 
nist3red with the object of converting the lead salt present 
in the intestines into the insoluble sulphate of lead, and with 
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the further object of expelling the lend Bait by producing 
profuse watery evacuations. Demulcent drinks should be 
given as long as syiuptoms of irritation remain, and opium, 
if necessary, to relieve thu colic and severe vomiting tliat are 
generally present. 

Poit-mortem appearoncei.— Cases of le.ad poisoning are 
rarely fatal, and consequently but few opportunities have 
occurred of ascertaining the post-mortem appearances of poi- 
soning by lead salts. The stomach and intestines have been 
found inflamed, and ihe mucous menihrane partially eroded, 

?atftl doie.— Nothing eertain is known ; probably ihe fatal 
dose of lead acetate for an ailult is from one to two ounces. 
Becovery has taken place after swallowing one ounce of the 
acetate. 

fatal period. —Nolliing certain is known. 

Chronic Lead Poibonixh 

Chronic lead poisoning "is extremely coinnmn. It maybe 
produced either from industrial occupations, in which lead or 
some of its compounds are employed, or from accidental causes, 
the lead lieing introducud into the system in some form or 
othur. 

I. Indaitrialcaatei of clironic leadpoiionin^.— ((() Workers 
in white lead, rod lead and olher lead salts, such as painters, 
fitters, plumbers, workers at electric bght works, where in the 
accumulator- works a paste of red !ead and sulphuric acid is 
rubbed on the leaden plates ; japanners ; ■ dippers ' engaged in 
glazing earthenware, who have to dip the ware into a glaze 
consisting of horax, china stone, and red or white lead ; workers 
engaged In the enamelling of iron plates, but especially those 
employed in the removal of ihe lead enamel to prepare the 
plate for advertising purposes ; girls employed in combing and 
folding yarn dyed with the yellow chromate of lead (chrome 
yellow), from inhalation of the fine yellow dust given off during 
the manipulations. (J) Workers in metallic lead, such as 
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smelters ; file-cutters, in connection with whose work the files 
are bedded in lead while being * nicked/ so that much lead 
dust is produced and great leading of the hands and clothes 
occurs ; compositors ; workers engaged in fixing thin leaden 
caps on the tops of bottles containing sauces, &c. 

II. Accidental causes of chronic lead poisoning.- These may 
]}e due to the accidental presence of lead in fluids, foods, or in 
any substance repeatedly brought in contact with the skin. 
The following? are the principal sources from which lead may 
S3 gain access to the system : 

{{{) Drinking water contaminated with lead (see p. 199). 

(6) Soda and seltzer water, drawn from siphons fitted with 
pewter or lead valves, have been found contaminated with 
small quantities of lead. 

(r) Liquids containing free acid, such as vinegar and lemon- 
juice, may dissolve lead from glazed vessels, or from common 
tinned utensils, the tinning mixture of which may contain 60 
per cent, of lead to 40 per cent, of tin. From such a coating, 
water alone will dissolve a fairly large quantity of lead. Wight- 
wick ' records three cases of chronic lead poisoning from eating 
tinned tomatoes ; both lead and tin salts were found in the 
tonuitoes and the juice. Home-made wine and beer brewed in 
glazed earthenware pans are very liable to be contaminated 
with lead. 

[d) Farinaceous foods, chocolate, and tea if wi-apped in lead 
foil, which frequently consists of lead thinly tinned, may become 
contaminated. 

[e) Confectionary and buns are occasionally coloured with 
lead chromate (chrome yellow), and have produced toxic 
symptoms. In the colouring of buns this substance is used as 
a cheap substitute for eggs, and in order to give the desired rich 
yellow tint. According to Reese, a considerable number of cases 
of poisoning from this source have occurred in the United States 
within the past few years. 

(/) Ilair-dyes or so-called * hair-restorers * may contain lead, 

' The Laiicct, 1S88. 




and then ai'e lidole to prodi 
edition to the bead. 

(f/) Red lead may be employed as a cement for pipea or 
for cisterns, tind so may become a source of contamination of 
drinking water. 

(h) Cider or beer which has stood in lead pipes is very apt 
to dissolve lead, and acquire toxic properties. Ou'onic lend 
poisoning has not uncommonly occurred amongst those who 
have been in tlie habit of taking at public-houses the first 
draught of beer in the morning, which has necessarily been 
standing overnight in the pipes, and so especially becomes 
charged with lead. 

(i) Lead shot are sometimes employed to clean out du'ty 
wine bottles, and if some are accidentally left in the bottles, 
they may subsequently become acted on by the wine, and so 
contaminate it with lead salts. 

{J) White lead and litharge are frequently used in connection 
with boiled oil to give leather a glossy finish. The glazed white 
leather lining of hats is sometimes so prepared, and the lead 
compound present may produce ill effects in a person wear- 
ing such a hat ; either local discomfort may be produced, or 
symptoms of plumbism may occur front absorption of tlie lead 
salt after being acted on by the sweat. 

Lead in drinking-water. — If lead be immersed in distilled 
water, which has been boiled to deprive it of all dissolved air, 
it remains unaffected by the water ; but water containing air in 
solution attacks lead, the oxygen of the au' forming lead oxide, 
which is then dissolved by the water as lead hydrate in small 
but appreciable quantities. This is one of the causes of the 
contamination with lead of a drinking-water which passes 
througl) leaden pipes, so that rain-water, when it is to be used 
for drinking purposes, should never be collected from a leaden 
roof, nor conducted through leaden pipes, nor kept in a cistern 
lined with lead. The corrosive action of water on lead is much 
increased by the presence in it of chlorides, nitrates, nitrites, 
and ammonia ; whereas the preseiice of sulphates, and of 
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calcium carbonate held in solution as calcium bicarbonate by 
an excess of carbon dioxide, hinder the coiTOsive action ; in the 
latter case a film of lead carbonate is formed within the pipe» 
which is but veiy slightly soluble in water. The presence, 
however, of excess of carbon dioxide in the water increases its 
solvent action on the lead, the carbonate of lead being dissolved 
by water containing an excess of that gas, in the form of the 
more soluble lead bicarbonate. The presence of vegetable 
matter in water as a rule hinders the corrosion of lead, owing 
to the formation of an insoluble compound of lead oxide and 
organic matter. Some soft waters, notably some moorland 
waters, have a powerfully solvent action upon lead, due in some 
cases perhaps to the presence in the water of humic or ulmic 
acids derived from the soil, or perhaps, in other cases, to traces 
of sulphuric acid produced l)y oxidation of iron pyrites. Power 
has suggested that the action of water upon lead is dependent 
upon organisms. Crookes, Odling, and Tidy attribute the lead- 
dissolving power to the al)sence of silica from the water, and 
have shown that when dissolved silica is present in the water, 
lead becomes coated with a film of insoluble lead silicate. As 
an actual fact all drinking waters that have been allowed to 
flow through leaden pipes, or that have been stored in cisterns 
lined with lead, contain some lead in solution ; if, however, the 
amount of lead carbonate docs not exceed ^^ of a grain per 
gallon, then its presence in drinking water may be neglected. 
The contamination of a water l)v lead mav be due to the care- 
less employment of white lead or red lead as a cement for 
junctions of pipes, or for cementing together a slate cistern. 

It is not so much the (juantity of lead taken that determines 
the symptoms of clironic load poisoning as its continued 
introduction into the svsteui. Moreover idiosvncrasv plavs an 
important part in connection with lead poisoning, as only a small 
proi)ortion of those exposed to tlie risk (>f chronic lead poisoning 
develop the toxic symptoms. Ohver ' regards the abuse of 
alcohol as a most important factor in increasing the tendency 
' Lead Poisoning in its Acute and Chronic Forms, 1892. 



to chronic lead poisoning. Gouty subjects are more readily 
uffected by lend, nnd lead also tends to develop gout. Oliver 
states that women are affected by lead more quickly and at an 
earlier age than men. Cases of chi'ontc lead poisoning have 
been noted, in which symptoms apparently appeared years 
after the individual had ceased to lie exposed to the action 
of the metal. In pregnant women chronic lead poisoning fre- 
quently leads to abortion. 

Symptoms of chronio lead poisoning. — (i) Signs of impaiied 
nutrition, (ii) The skin assumes a sallow or yellowish tint 
(the lead cachexia), {iii} A disagreeable astringent taste is felt 
in the mouth, and the breath is generally offensive, (iv) Pains 
in the stomach or abdomen, and constipation of the bowels 
occur, (v) A blue line is to be seen, in the majority of cases, 
near the edges of (he gums, and generally better marked in the 
upper jaw. The line is due to the formation of lead sulphide, 
which is produced by sulphuretted hydrogen ; the latter results 
fi'om the decomposition of small particles of food collecting 
ixitwecn the teeth and gums, and acts upon the albuminate or 
other compounds of lead present in the gums. Where the teeth 
ore absent the blue line is also absent, (vi) Colic occurs, with 
obstinate constipation. The pain of the colic is as a rule 
referred to the region of the umbilicus, and is relieved by 
pressure. When the spasms of colic are present the abdominal 
walls are hard, frequently retracted, and the pain is not un- 
commonly accompanied by tenesmus, (^li) Arthralgia, or pains 
in the joints frequently occur. These pains are not uncommonly 
diagnosed, in cases of piumbism, as being due to rheumatism, 
and consequently the exciting cause of the pains may be entirely 
overlooked. They occur most frequently about the knees, less 
frequently about the elbows and shoulders. Tho seat of the 
pains is most probably in the sensory neiTes of the muscles In 
the neigh boui'hood of the joints, and they are most likely due 
to neuritis, (viii) In a small number of cases of chronic lead 
poisoning paralysis occurs. The extensor muscles of the hands 
and fingers are most frequently attacked, the condition known 
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as * wrist-drop ' being the consequence ; the supinator longus 
usually escapes. Both arms usually suffer, though one is 
generally more affected than the other. Occasionally the 
interossei of the hands are affected and waste. The other 
muscles more rarely affected are the deltoid, biceps, coraco- 
brachialis, and the extensors of the foot. These various 
paralyses are probably due to a peripheral neuritis. Lead is 
peculiar in its action upon the nervous system, in that it may 
attack both the central and peripheral portions. As the result 
of its action on the central nenous system, headache, vertigo, 
sleeplessness, excitability, hallucinations, or delirium may occur ; 
or drowsiness may be produced, and not uncommonly convul- 
sions attended with loss of consciousness, (ix) Ulceration of 
the mouth and of the inner sides of the cheeks has been noticed 
by Stedman * in children as a symptom of chronic lead poisoning. 
Treatment of chronic lead poisoning. —The first part of the 
treatment must necessarily consist in the removal of the 
patient from the influence of the poison. Of the different reme- 
dies that have been employed with the object of promoting 
the elimination of tlie metal from the system, the one most 
commonly used is potassium iodide. The results, arrived at 
by a series of elaborate experiments nuide by Dixon Mann,* 
indicate, however, that potassium iodide possesses little, if any, 
value as an eliminator of lead from the system. The conclu- 
sions drawn by Mann are that lead is chiefly eliminated by 
the bow^els, and to a much smaller extent by the kidneys ; that 
when once the lead is deposited in the tissues, it exists as a 
stable compound upon which drugs exercise Uttle or no power ; 
that the best aids to the elimination of lead are baths, general 
massage, fresh air, good food, and other methods which im- 
prove the general health and promote healthy metabolism. On 
the other hand, although potassium iodide may not promote 
the ehmination of lead, it is quite possible that it may in some 
other way be beneficial in cases of chronic lead poisoning. 
Symptoms that may require appropriate treatment in con- 
' T)\e Lancet, 1801. • Brit. Med, Jour. 1893. 



nection with chronic pluoihiBm are the colic, which is relieved by 
opium ; the joint pains, which are relieved by hot fomentations, 
or by painting with iodine previous to the application of the hot 
fomentations ; and the paralyses, which may requii'e massage 
and electricity. Humphreys ' recommends the employment of 
atropine, in full doses, in cases of lead poisoning ; according to 
hiui, it relieves the colic and other pains, Iteeps the ImwcIh open, 
and assists, directly or indirectly, in the removal of the lead. 

AnalyiiB and tests. -I. With a solution of a lead salt, sul- 
phuretted hydrogen gives a black precipitate of lead sulphide. 

II. Potassium iodide gives a bright yellow precipitate of 
lead iodide, soluble in boiling water, and crystaUising in golden- 
coloured spangles as the solution cools. 

III. Potassium cbromate gives a yellow precipitate of lead 
cliromate (chrome yellow), which changes to an orange-red coloiu' 
(orange chrome} on boiling with caustic potash or caustic soda. 

IV. Sulphuric acid gives a white precipitate of lead sul- 
phate. This, however, is not a very delicate teat for lead, as 
lead sulphate is slightly soluble in water. 

Detection of letul in, the viscera, nrinc, and faces. The 
viscus to be examined is dried in a water-oven, and in- 
cinerated in a porcelain dish. The ash is powdered, mixed 
with dilute nitric acid, and evaporated to di'yness : the dry 
residue is then extracted with hot distilled water, and the 
Altered extract is tested either by the teats described above, or 
by the electrolytic method (see p. 195). For the detection of 
lead in the urine and fteces, Dixon Mann* recommends the 
evaporation of the mine to the consistence of gruel, and the 
mixing of the fsces with distilled water to a hke consistence ; 
the liquids are then treated with potassium chlorate and 
hydrochloric acid to destroy organic matter, and the liltnite 
after cooling is submitted to electrolysis, as described in con- 
nection with the detection of mercury (see p. 195), a piece of 
platiniun foil being substituted for the gold foO connected with 
the cathode. 

• The I.mcet. 1891. ' tWcns.f ilcd. and Joiicol 
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CHAPTER XIII 

Poisoning by copper salts -Zinc salts— Tin salts— Contaminiition of food 
by tin— Poisoning by chromium preparations— Silver nitrate — Iron salts 
— Bismuth salts. 

CoPPEU 

The salts of copper commonly met with in toxicological 
enquiries are copper sulphate, known also as blue vitriol and 
blue stone, and the oxyacetate of copper or verdujris. Both 
these salts have ])een used for purposes of suicide, and for at- 
tempts at murder. In addition, copper sulphate has been fre- 
quently taken or administered for the purposes *of procuring 
abortion ; it is not an al)ortifacient, and any effect that it might 
possibly have in causing the expulsion of the contents of the 
uterus would be simply through its general action as an irri- 
tant to the gastro-intestinal tract, and so possibly indirectly 
affecting the uterus through the sympathetic nervous system. 
! SymptomB.— The symptoms of poisoning by a copper salt 

usually come on within five or ten minutes of taking it, and 
are : (i) A strong metallic astringent taste, w4th a feeling of con- 
striction in the throat, (ii) Speedy and violent vomiting ; the 
vomited matters at first are of a green or blue colour (a similar 
colour mav occasionally he due to altered bile, which can be 
distinguislied from the colour of a c()])per salt by the addition 
of excess of ammonia to the vomit. Tlie colour, if due to bile, 
I remains unaltered ; if due to a copper salt, the blue colour is 

! considerably intensified), (iii) Severe ahdominal pain is felt, 

' with thirst ; purging occurs, and is frequently of a violent 

nature, (iv) Collapse, accompanied hy, as a rule, pain in the 
head, (v) In aggravated cases spasms of the extremities, and 
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eonvulsiona occur, (vi) The urine ia generally diminished in 
amount. 

Treatment and antidotes. -If vomiting occur, white oF 
egg und wurm water should be freely administered ; the white 
of egg is given to form the comparatively inert albuminate of 
copper, and the warm water to encourage the vomiting and 
removal o( that compound. If vomiting do not occur, the 
contents of the stomach must be removed by means of the 
stomach-pump or tube, and the stomach thoroughly washed 
out. The subsequent treatment consists in the administration 
of bland muciltiginous drinks, and of morphine or opium, if 
necessai'y, to relieve pain and excessive vomiting. 

Foit-mortem appeiinuices.- The stomach and intestines are 
inflamed, the mucous membrane may be softened and swollen, 
and the mucous membrane of the stomach may be eroded. If 
the copper salt has not been thoroughly removed by vomiting 
and purging, a blue or greenish colour of the mucous mem- 
brane of the stomach and intestines may be present, 

Fatal doae.^Nothing definite is known of the fatal dose of 
copper sulphate ; half an ounce of verdigris has proved fatal in 
the case of an adult. 

Fatal period.— The shortest time in which copper sulphate 
has killed Is four hours, but usually the fatal result is delayed 
for several days. 

Chbonic CoprER Poieokino 

Chronic copper poisoning occasionally occurs fi'om the em- 
ployment of copper vessels for culinary purposes. Articles of 
food may be boiled in clean copper vessels without risk, pro- 
vided the articles are free from acids ; but it is unsafe to keep 
articles of food or preserves in copper vessels in the cold, 
owing to the oxygen of the air acting on the metal at the point 
of contact of the contained substance with the interior of the 
vessel. It is preferable, if copper vessels are used for culinarj- 
purposes. or for the preparation of aerated waters, that they 
slmuld be tin-lined ; it is not uncommon for truces of copper 
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to be found in soda-water, from the employment of oondensers 
made of copper, which are either not Hned with tin or improperly 
so. Chronic copper poisoning is also occasionally met with 
among workers in the metal and its salts, and also among 
brass- workers. Copper sulphate is sometimes used to give a 
nch green colour to preserved peas and other vegetables, 
olives, and gi-een pickles ; the employment of copper as an 
artificial colouring for articles of diet nnist be regarded as the 
admixture of a noxious substance, and therefore as rendenng 
the article injurious to health. In France, however, the 
restrictions on the gi*eening of preserved vegetables with 
copper have been recently removed. In green vegetables, 
the copper, to some extent, probably exists as an insoluble 
leguminate of copper, from which, however, the metal is 
liberated and rendered soluble by the action of the digestive 
juices. Tschirch * finds, as the result of some recent investi- 
gations as to the colouring of peas and other preserved vege- 
tables with copper, that the production of the bright green 
colour is due to the formation of a copper salt of the phyllo- 
cyanic acid of tlie chlorophyll. Although this copper phyllo- 
cyanate is an insoluble compound, yet it has been found as 
detrimental as soluble copper salts. Tschirch, however, con- 
siders that a proportion of one part of copper in twenty 
thousand is unobjectionable, especially in view of the fact that 
in ordinary diet the daily quantity of copper taken into the 
system in the form of bread, meat, and vegetables, amounts to 
about one milligramme. 

Sjrmptoms of chronic poisoning. — (i) Loss of appetite, and 
symptoms of dyspepsia, (ii) MetalHc taste in the mouth. 
(iii) Abdominal pain, generally of a cohcky nature, with attacks 
I of vomiting and diarrhoea, (iv) A green line on the margin of 

' the giuns has been noticed ; by some observers the line has 

I been described as indistinguishable from the blue line of lead. 

(v) Symptoms of penpheral neuritis, such as wrist-drop, 
cramps, ttc, have been noticed in some cases. 

' The Pharm. Jour., 1894. 



Copper is believed by some obsen-ers to be newly always 
present in the liver of mnn. Dupr^' found in human livers 
about one part of copper in 500,000 ; and in fourteen bodies, 
examined by Bergeron and Hole, copper in minute quantities 
was found in eveiy case. It is also lielieved to occur noi-mally 
in very small rjuantities in the kidneys and in the blood. Tho 
copper is prolialily mainly denved from the gi-alns of eoi-eiils, 
such as wheat and barley ; in turnips and most olhor vege- 
taldes, copper in very minute traces may generally lie delected. 
It has been suggested by Johnstone' that the presence of 
copper in cei-eals may be due to the practice of dressing the 
gi'aiu, and also the ground, with sulphate of copper, with the 
object of protecting it from the ravages of vermin after the 
gi-ain is sown. 

Analyais and teita.— Copper may he detected in organic 
matter, such as in the viscera or urine, by drying and incinerat- 
ing the organic matter in a platinum dish, using a hunsen 
burner provided with an iron tube (if a burner with the ordinary 
brass tube be used, copper is apt to be volatilised from the 
brass, and deposited ou the incinerated residue) ; the residue is 
digested with nitric acid with heat, evaporated to dryness, 
and then extracted with a small quantity of water and filtered. 
To the filtrate the following tests may be applied. 

I. Potassium ferrocyanide gives with solutions of copper 
salts a reddish-brown precipitate of copper ferrocyanide ; this is 
a vety delicate test for copper, as an extremely dilute solution 
of a copper salt produces a reddish-brown colouration on the 
addition of potassium ferrocyanide. 

II. Solution of ammonia gives a hgbt blue precipitate of 
copper hydrate, readily soluble in excess of ammonia, and pro- 
ducing a dark blue solutiou. 

III. If a piece of bright steel, such as the polished steel 
blade of a knife or a polished needle, be immersed in a solution 
of a copper salt, it becomes, in a short time, coloured with a 
reddish deposit of the metal copper. 

• Analyst. No. 13, IS77. •- The Lancet, 1690. 
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IV. Sulphuretted hydrogen passed into a copper solutic 
gives a hlack precipitate of copper sulphide. 

V. Minute traces of copper may be detected by iininersin 
for some time a small couple of zinc foil with platinum wii 
coiled round it, in the solution to be tested, and then exposin 

1 the platinum wire to the vapour evolved by adding sulphur 

acid to some crystals of potassium bromide ; if a trace of coppc 
has been deposited on the platinum wire, a deep violet coloi 
is produced due to the formation of a compound of copp< 
i- bromide and hvdrobromic acid. 

The quantitative determination of copper can be effected h 
placinj^ a solution, acidified witli hydrochloric acid, in a weif?he 
platinum dish, and then connecting the dish with the cathod 
of a battery, a piece of platinum being suspended in the liqui 
and connected with the anode. In this way the copper 
deposited as a metallic film on the inner surface of the platinui 
dish, and, when it is entirely so de^wsited, the dish niav 1 
washed, dried, and weighed ; the increase in weight will the 
give the amount of copper present. 

ZlN(T 

Two salts are met with in connection with cases of poiso 
ing by this metal viz. the sulphate and chloride. Zinc sulphal 
which is also known as uhiie vitriol, is an irritant poison; 
has been mistaken for magnesium sulphate or Epsom salts, ai 
for oxalic acid. Zinc chloride is a much more powerful pois< 
than the sulphate, as it is a corrosive as well as an irritant ; 
is present in Sir William Burnett's Disinfecting Fluid, which 
a concentrated solution of zinc chloride in water, containii 
about 220 grains of th<.' salt to the fluid ounce ; this fluid h 
frequently caused death as a corrosive poison, when tak( 
accidentally or suicidally. Zinc chloride is also present 
soldering fluid, which is ]>repared by dissolving the met 
zinc to saturation in strong hydrochloric acid. 

Symptoms.- The sym])toms ot poisoning by zinc sulpha 
are not so severe as those of poisoning by zinc chloride. 



The symptoms of poiuooiinf by zinc sulphuto are— (i) An 
natringetit metallic Ustt). (ii) Faia iu the stomach ami abdo- 
men, (iii) Violent vomiting, which comes on immediately 
after swallowing the salt, (iv) Severe purging. 

Symptoms of puhoitiiuj bij ziiic chloride. -In addition to 
those above described, zinc chloride, on account of its corrosive 
action, produces u burning sensation in the nioulli, pharynx, 
(irsophagus, and stomach, which is generally felt immediately 
after swallowing the poison ; Lhe pm-ging is accompanied by 
tenesmus, and blood is frequently present in the motions ; as a 
rule, there is severe collapse. Subsequently, progi-essive ante- 
uiia and emaciation may result from tlie destructive effects of 
thL« poison upon the mucous membrane of the stomach and 
intestines, producing disorganisation of the lining membrane 
of the stomach, and consequent interference with the digestive 
processes ; stricture of the esophagus or pylorus may result, 
and so lead to wasting. 

Treatment and antidotes. The zinc salts produce such 
copious vomiting that the administration of an emetic, or the 
use of the stomach-pump, is unnecessary. White of egg mixed 
with milk should be freely administered, and carbonate of soda 
in dilute solutions may be given, with the object of converting 
the soluble zinc salt into the insoluble carbonate. The sub- 
sequent treatment consists la the adminislration of bland demul- 
cent di'inks, and of opium, if necessary, to relieve the pain, and 
to allay the purging. 

Post-mortem appearances. -In cases of poisoning by zinc 
sulphate the mucous uiembranu of the stomach and intestines 
is found inllumcd. In cases of poisoning by zinc chloride 
much more severe effects ai'u produced ; indications of corrosion 
are found, as a rule, from the mouth, down the cesophagus 
into the stomach, and sometimes extending as far as the duo- 
The mucous membrane may be softened and white, 
or hardened and leathery, aud in paits may be detached ; in 
addition, it shows the usual signs of acute Infiammation. In 
those cases in which the patients have survived for some weeks. 
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but have eventually died of emaciation, the mucous membnu 
of the stomach may be found either completely disorganise 
or replaced in parts by cicatricial tissue. In a case of poiso: 

i in^ by zinc chloride, described by Jalland,* in which deai 

occurred eighty-seven days after taking about three or foi 
' ounces of a saturated solution of impure chloride of zinc wii 

I suicidal intent, absolute destruction of the stomach was foui 

at the post-mortem examination ; the stomach was found 
be represented by an organised inflammatory matting of tl 

j' gastro-hepatic omentum, and the upper portion of the gre 

omentum to the adjacent viscera, as follows : behind and belo 
to the pancreas, the pillars of the diapliragm, and the vertebr 

• colunm ; above, to the under surface of the left lobe of the live; 

on the left side, to the upper portion of the inner surface of tl 
spleen. 

Fatal dose. — Death has occurred in an adtdt after taking i 
ounce and a half of zinc sulphate. This is about the only ca 
in which a definite quantity of this salt has been known 
produce death. Recovery has followed the taking of one oun 
of the salt. Zinc sulj)hate cannot be regarded as an acti 
poison, since in cases of ej)ilepsy it is frequently given as 
nervine tonic, and, commencing with small doses, it has ul 
mately been given in forty-grain doses three times a dav I 
a period of three weeks, without producing toxic synipton 
Zinc chloride, however, is a powei*ful poison, six grains havii 
proved fatal, although recovery has taken place after taku 
two hundred grains. Anderson '^ describes a case in w*hich 
child, aged fifteen months, swallowed a teaspoonfid of chlori< 
of zinc soldering-fluid, and in which recovery took place aft 
thiee days. 

Fatal period.— In the case refened to above, in which 
woman swallowed an ounce and a half of zinc sulphate, dea 
ensued in thirteen and a half hours. The most rapidly fal 
case of j)ois()ning by zinc chloride that has been recorded 
one in which death occurred in four hours. On the other han 
> hrit. Mcil Jour., l>i«7. - Ibid., 1893. 
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chloride of zinc may destroy life by producing stricture ot the 
cESophagua or pylorus, or by leading to disorgftniaation of the 
ruuouB niembmiie of the stomach, and consequent grtidual 
death from exhaustion and emaciation. In the case referred to 
aho\'e, as described by Jalland, death occurred eighty-seven 
days after taking chloride of zinc ; and Tuckwell ' describes a 
case in which death occun'ed from emaciation 116 days after 
taking three-quarters of a teacupful ot ' Burnett's Disinfecting 
Fluid.' The fatal terminatiou may even be prolonged con- 
siderably over this last -mentioned period. 

Chronic z'rnc puisonintj may result from the presence ot zinc 
in drinking water, or from the prepai'ation ot food in zinc 
vessels, or amongst those engaged in the smelting of zinc. If 
water be conveyed through galvanised iron pipes, which are 
coated internally with zinc, or it it be stored in galvanised iron 
vessels, the dissolved oxygen and free carbonic acid gas of the 
water exert a solvent action upon the zinc ; in addition, the 
solvent power of a water or of articles of food upon zinc is 
increased by the presence of chlorides. 

Symptonu of chronic ziiic powuii in;/.— These consist of in- 
terference mth the processes of digestion, cohcky pains, and 
either constipation or diarrhcea; in some cases symptoms of 
peripheral neuritis have been obser\'ed. Thresh ' mentions the 
case of a child who sufTered from marked constipation, from 
the contamination hy zinc ot water that had been conveyed 
tlu'ough galvanised iron pipes, 

AoalysiB and testa.— Zinc may be separated from organic 
admixture by digesting the organic matters with dUute acetic 
acid at a gentle heat, filtering, concentratoig the filtrate, and 
then precipitating the zinc with sulphuretted hydrogen. The 
precipitated zinc sulphide (which generally contains organic 
matter), is collected on a filter, washed, and dissolved in strong 
nitric acid. The acid solution is evaporated to dryness, dis- 
solved in distilled water, and subjected to the following testa : — 

I. Ammonium sulpliide gives with a neutral or alkul-'-'' 
I Brit. Med. Jour., 1874. ' Ibid., 1883. 
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zinc solution a white precipitate of zinc sulphide. This is 
characteristic reaction, as zinc sulphide is the only white sul 
phide capable of being precipitated in such a manner. 

II. Solution of ammonia gives a white precipitate of zin 
hydrate, readily soluble in excess of ammonia. From thi 
solution in the excess of anmionia the zinc may be precipitates 
as the white sulphide, by the addition of ammonium sulphide. 

III. Potassium ferrocyanide gives a white gelatinous pre 
cipitate of zinc ferrocyanide. This test may be used to dia 
tinguish zinc sulphate from magnesium sulphate and oxalL 
acid, neither of which yields a precipitate with potassium ferro 
cyanide. 

IV. Caustic potash and caustic soda both precipitate thi 
white zinc hydrate, which is soluble in excess of either alkali 
provided the latter be free from carbonate. 

Tin 

Poisoning by salts of tin is a very exceptional occurrence 
and is then generally due to the use of tinned fruit, sucl 
as cherries, ai)ples, pineapples, tomatoes, &c. — the acid juice o 
which acts upon either the solder of the tin, or possibly on th< 
surface, whicli may have been coated w^ith impure tin ; in eithei 
way a soluble salt of tin mav be formed and dissolved bv th< 

* *' » 

juice. 

Symptoms. — (i) Nausea, occasionally accompanied by t 
metallic taste, (ii) Al)dominal pain, followed by vomiting anc 
diarrhcra. (iii) Symptoms of collapse may occur, with feeble 
irregular, and rapid pulse, and occasionally cyanosis, (iv) I 
collapse be severe, unconsciousness may supervene, (v) Crampi 

[ in the legs sometimes occur, and the urine may contain a suial 

, quantity of albumen. 

;- Treatment. — The stomach should be emptied either by th< 

administration of an emetic of mustard and water, or by mean! 
of the stonuich-pump or tube. Brandy should be given if then 
be much collapse ; opium to relieve the pain, and demulceu 
drinks should afterwards be freely administered. 



r/.V zrj 

FoBt-moitem appearances.— Nothing is known, but probably 
if a fatal case of tin poisoning occuiTed the appearances of 
gaatro-enterilis would be found. 

Fatal dOM. — Nothing is known. In four cases of tin 
poiBOuing, caused by tinned c.herriea, that were seen and de- 
scribed by the author and Metcalfe.' an estimation of the 
amount of tin present in the eherrj'-juice was made, as the tin 
from which the patients had taken the chenies was left half 
full of cherries and juice, and therefore was available for pur- 
poses of analysis. The juice was strongly acid, and the 
analysis showed that the acidity was mainly due to malic acid ; 
the juice contained tin in solution equal to 19 grains of the 
higher oxide of tin in each fluid ounce, which would be equal 
to 3*2 grains of the Aialate of tin in the same quantity of juice. 
The symptoms of these cases were very severe, there being a 
considerable amount of collapse and cyanosis, and in one ease 
unconsciousness; it was estimated that the symptoms were 
produced by doses of the malate of tin varying from four to 
ten grains. All the cases recovered. 

A peculiar case is recorded ' in which a chemist died from 
tin poisoning. He had inadvertently filled his pepper caster 
with putty powder, which is the higher oxide of tin, and had 
continued to use it until he fell ill a couple of montlis after- 
wards, and ultimately died. 

Fatal period.- Nothing is known. 

Analysis and testB.— Tin may he separated from organic ad- 
mixture by destroying the organic matter by the moist method 
(see p. 117). The cleEir fluid may (hen be subuiitled to the 
following tests :^ 

I. Sulphuretted hydrogen gives with a solution of a stannous 
salt a brown precipitate of stannous sulphide, and wilh a solu- 
tion of a stannic salt a yellow precipitate of stannic sulphide. 

II. Stannous chloride added to a solution of mercuric 
chloride first reduces it to the inercurous state, throwing down 
a white precipitate of calomel, and subsequently reduces this 

' TSi-il. Mtd. Joiir., leri). ' The MfiL Picis an I Ciic, 18R1. 



214 TOXICOLOGY 

to the metallic state, producing a grey precipitate, due to the 
formation of finely divided mercur}'. 

III. With gold chloride stannous chloride gives a purple 
precipitate. 

Chromium 

Thci compounds of chromium that may come under the 
notice of the toxicologist are potassium bichromate, chromic 
acid, and l(;ad chromate. Potassium bichromate, knoi^ii also as 
red chromate of potash, and technically as * red crj-stal,* is em- 
ployed for staining furniture, and in some dyeing processes. 

Symptoms.- The symptoms of poisoning by potassium 
bi(?hr()mat(^ are : — (i) An unpleasant taste, followed by pain in 
the stomach and abdomen, (ii) Vomiting, the vomited matters 
j)oHH(»HHingat first a yellow colour, while later on the vomit may 
contain sonu^ blood, (iii) Diarrhoea occurs, the evacuations 
j)robably being of a greenish colour from the reduction of the 
bichromates to a green salt of chromium, (iv) Prostration and 
<;ollapse, with pallor and a moist clammy surface ; the pulse is 
Hmall, feeble and irregular, and unconsciousness occasionally 
HUjKMvcMies. (v) Respiration may become slow, and gasping, a 
quarter of a minute sometimes inteiTening between the respi- 
ratory acts, (vi) The pupils are generally dilated, and some- 
times do not react to light, (vii) Cramps in the legs sometimes 
occur. 

Chnmiic a^id (CrO;^), or chromic anhydi-ide, as it should 
proj)erly be called, is used externally as a caustic and escharotic. 
A fatal case from the external use of it is recorded by White,* 
which resulted from a single application of about half an 
ounce of solution of chromic acid, containing one hundred 
gi'ains to the ounce, to a mass of papillary growths on the 
external genitals ; the patient died in a state of collapse twenty- 
seven hours after the application. 

Treatment and antidotes.— The stomach should be washed 
out by means of the stomach-pump or tube. Opium should be 

• Universihj Med. Mag., 1881). 
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employed to relieve the pain, and stimulants foi the 
Demulcent drinks shoidd be given freely in cases of poisoning 
by chromic acid. Magnesia or chalk may be given in milk 
with the object of neutraliaiug the acid. 

Post-mortem appearances. —The mucous membi-ane of the 
stomach is generally acutely inflamed, and more or less de- 
strayed. It is either of a dark brown or gi'eenish colour; if 
the latter, it is due to reduction of the hichroniate to the green 
oxide of chromium. The upper part of the duodenum is gene- 
rally found inflamed ; the blood may be chocolate in colour. 

Fatal dose.— Two drachms (120 grains) have proved fatal to 
ill! adult. Philipson ' describes a case of recovery after takiug 
273 grains of potassium bichromate. 

fatal period. —The shortest fatal period in connection with 
potassium bichromate poisoning is forty minutes. Thisoccun-ed 
in a case described by Stewart ' in which a patient, a female 
aged forty-six. took about an ounce of the salt. In another 
case death resulted four hours after taking the poison. 

Workers in bichromate factories frequently suffer from the 
bichramale dust that is drawn into the respiratorj- passages, 
and that also deposits on the surface of the skin. The dust, if 
inhaled through the nose, is especially apt to set up irritation 
of the nasal septum, and may lead to perforation and even 
necrosis of the septum. In addition, if there are any excoria- 
tions on the skin, cutaneous maladies may be set up from the 
irritant effects of the bichromate dust. Eruptions, somewhat 
similar to eczema or psoriasis, may be produced, and ulcers 
may form which in appearance somewhat resemble hard 
chancres. In connection with poisoning by lead chromate the 
effects are more due to the lead than to the chromium {see 
pp. 197, 198). 

Teati.— I. Silver nitrate gives a bright red precipitate with 
potassium bichromate. 

II. Lead nitrate gii'es a bright yellow precipitate with 
potassium bichromate. 

I The Lancet, 1892. ' Brit. Med. Jour. 
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III. If a dilute solution of potassium bichromate be acidified 
with hydrochloric acid, and sulphurous acid then added, a green 
colour is produced, due to the formation of chromium chloride. 
A similar efifect is produced by substituting alcohol for sul- 
phurous acid, and subsequently warming the mixture. 

Silver 

Silver nitrate in the solid state acts as a violent irritant and 
coiTosive. Poisoning by silver nitrate is extremely rare, and, 
when it has occurred, has resulted from the accidental 8wallo^ving 
of a stick of nitrate of silver (lunar caustic) whilst being em- 
ployed as an application to an ulcerated throat. 

Symptoms, (i) Pain in the oesophagus and stomach, (ii) 
Speedy vomiting; the vomited matters may contain blood. 
(iii) Purging generally occurs, and blood may be present in the 
motions, (iv) Collapse, (v) Cramps occasionally occur. 

Treatment and antidotes.- Common salt dissolved in water 
should be given at once, with the object of forming the insoluble 
chloride of silver ; this should then be removed either by the 
administration of an emetic of mustard and water, or by the 
use of the stomach-pump or tube, unless the salt itself produces 
copious vomiting. 

Post-mortem appearances. In a case of acute poisoning, 
Ihe caustic effect of the poison may be indicated by streaks or 
patches of a greyish -white colour on the parts of the mucous 
membrane with which the silvei* salt comes in contact. The 
stomach shows the appearance of more or less general inflam- 
mation, which may also be found in the duodenum. 

Fatal dose.— Fifty gi-ains of nitrate of silver have proved 
fatal to an adult. 

Fatal period.- The sliortest fatal period that has been de- 
scribed occurred in connection with a child, aged fifteen 
months, who died six hours after swallowing a portion of a 
stick of lunar caustic. 

Tests. — I. Hydrochloric acid gives a white curdy precipitate 
of silver chloride, insoluble in nitric acid, but soluble in solution 
of ammonia. 




II. Potassium chromate gives a red precipitate of sUver 
cliromatt;. 

III. Lime-water produces a brown precipitate of silver 
oxide. 

IV. Sodium pliospliate gives a yellow precipitate of silver 
phosphate. 

Iron 

The salts of Iron that, in large doses, may act as poisons, 
are, ferrous sulphate, knoivn also as pratomilphitU' of iron, 
green rilriol, copperas, and green copperas, and ferric chloride, 
known also as perchhrtde of iron. The latter compound is 
contained in three prepamtions of the British Pharmacopoeia, 
viz. a strong solution containing 254 grains of ferric chloride 
in each fluid ounce, and a weaker solution and atincture, which 
are one-quarter the strength of the above-mentioned, and con- 
tain 63^ grains in a Hiiid ounce. Both ferric chloride and 
ferric sulphate, but especially the former, have been employed 
in poisonous doses for the purjiose of attempting to procuie 
abortion {see ii. p. 180). The tincture of perchloride of iron is 
commonly knowu under the name of ' steel drops." 

Symptoini. — Large doses of iron salts produce a metallic 
taste, puin in the stomach, vomiting and purging ; the motions 
are blacli from the formation of sulphide of iron. 

Treatment and antidotei.— .'\n ounce of carbonate of soda 
dissolved in water, or stirred up with milk, should he given, and 
the stomach afterwards evacuated and washed out by means of 
the stomach-pump or tube. Demulcent drinks should then lie 
freely given, and opium, it necessary, to relieve the pain and 
purging. 

Post-mortem appearanceB.~Those due to gastro-enteriiis. 
The mucous meuibrauc of the stomach has been found thickened 
towards the pyloric eud, and discolouration of the gastro-intes- 
tinal mucous membrane, from the formation of sulphide of iron, 
may be seen. 

Fatal dose,— ChristiBon relates a case m which an ounce 
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and a lialf of the weaker solution of perchloride of iron (the 
same strength as the tincture) caused death in a male adult in 
about five weeks. A case of recovery from an ounce of the 
tincture has been recorded. 

Tests. — I. Potassium ferricyanide gives with a solution of 
feiTous sulphate a dark blue precipitate. 

II. Potassium sulphocyanide gives with ferric chloride a 
bright red colour of feme sulphocyanide. 

III. Potassium ferrocyanide gives with ferrous sulphate a 
precipitate at first almost white, but rapidly changing to a 
light blue colour from the absorption of oxygen from the air. 
With ferric chloride potassium ferrocyanide gives a dark blue 
precipitate of prussian blue. 

Bismuth 

Very occasional cases of poisoning have resulted from large 
j doses of the subnitrate of bismuth. This is of interest, since, 

though subnitrate of bismuth is an insoluble substance, it may 
act as an irritant poison if administered in large quantities. 
The irritant poisonous effects of the subnitrate of bismuth have 
been ascribed to the presence of arsenic as an adtilteration, but 
toxic effects may be produced without such an adulterant. 
Subnitrate of bismuth is known also as jvnr/ white and magistery 
of h ism lit h. 

Symptoms. — (i) Metallic tast^. (ii) Pain in the stomach. 
(iii) Vomiting and diaiThooa, the evacuations having a blackish 
colour from the formation of sulphide of bismuth, (iv) Collapse 
may occur, (v) Salivation, with inflammation of the gums, and 
offensive breath. The odour of the l)reath has been ascribed 
to the presence of tellurium occurring as an impurity in the 
bismuth salt. 

Treatment. — Removal of the poison by washing out the 
stomach with the stomach-pump or tube, and the subsequent 
employment, if necessary, of opium and demulcent drinks. 

Post-mortem appearances. -Those of gastro-enteritis. 
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Fatal dose. — Two drachms of subnitrate of bismuth have 
caused the death of an adult in nine days. Taylor quotes a 
case mentioned by Traill, in which a man took six drachms of 
the subnitrate in divided doses in three days. He suffered from 
vomiting, and pain in the abdomen and throat, but finally 
recovered. 

Fatal period. — The shortest time known is that mentioned 
above, viz. nine days. 

Tests. — I. If the subnitrate of bismuth be dissolved in strong 
nitric acid, and the solution poured into an excess of water, a 
white precipitate is produced. 

II. Sulphuretted hydrogen gives with bismuth salts a black 
precipitate of bismuth sulphide. 
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ORGANIC POISONS 
CHAPTER XIV 

Poisoning by hydrocyanic acid - Potassium cyanide— Preparations containing 
hydrocyanic acid Acute alcoholic poisoning -Distinction of different 
varieties of coma - Poisoning by chloral hydrate— Chloroform— Sul- 
phonal- Nitroglycerine— Carbon bisulphide. 

' Hydrocyanic Acid 

Hydrocyanic acid, or iniissic acith as it is commonly known, 
; is a very powerful and rapidly-acting poison. In its pure state 

it is extremely poisonous, and is only occasionally prepared as 
a laboratory curiosity ; in a dilute condition it is used in 
medicine in t\vo forms -the Hydrocyanic Acid of the British 
]"*harmacopa'ia, which contains two per cent, of the pure acid, 
and Scheele's Hydrocyanic Acid, which contains five per cent. 
of the pure acid. Hydrocyanic acid is feebly acid to litmus 
paper, and ])ossesses a peculiar penetrating odour ; if kept for 
some time with exposure to light, it slowly decomposes, and so 
loses strength, and, in addition, if the bottle containing it is not 
well st()j)pered, the strength of the acid rapidly diminishes by 
evaporation. 

Symptoms. With large doses the symptoms usually com- 
mence within a very few seconds of swallowing the poison, hut 
they may be delayed for a period of thirty or forty seconds ; 
it is quite j)()ssil)k' for a ])erson who has taken a ^x)isonous dose 
of hydrocyanic acid to be able, before l>ecoming insensible, to walk 
across a room or up a tliglit of stairs, and perform such actions as 
putting away the bottle or ve^^sel from which the poison has been 
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taken. The aymptoiuB are, however, very rarely delayed beyond 
one or two minutes. It is a poison which produces insensi- 
bility and loss of muscular power more quickly than any other. 
The symptoms are : - (i) Rapid loss of muscular power, giddi- 
ness, and the person quickly falls to the ground, {ii) Insensi- 
bihty rapidly supervenes, (iij) The eyes are open, staring, and 
glistening ; the pupils are dilated and do not react to light, 
(iv) The breathing is at first of a gasping nature, but soon 
becomes convulsive, with prolonged iutervivls between the 
breaths ; the inspirations are usually very short and sudden, 
and the expirations very prolonged ; ttie breathing may cease 
for souie seconds, and the person appear to be dead, and then 
another coDVulsive breath may occur. If the insensibility be 
profound, the breathing is sometimes stertorous. This is im- 
portant to remember, as, in connection with the death of 
Walter Palmer ia 1856, it was contended that the tact of the 
deceased having had stertorous breathing was a proof that 
he died from apoplexy, ami not from hydi'ocyanic poisoning, 
(v) The breath of the patient smells of hydrocyanic acid, and a 
similar odour is generally noticeable in the room, (vi) The 
pulse is feeble, rapid, and is fi'equeutly imperceptible at the 
wrist, (vii) Nervous symptoms soon supervene. In the early 
stage they consist of tonic spasms, which include spasmodic 
closure of the jaws, linn clenching of the hands, and convulsions 
of the ti*uiik and limbs. These spasms are followed by com- 
plete relaxation of the muscles, (viii) The lips are frequently 
coloured with froth, and vomiting occasionally occm's. In- 
voluntarj' micturition and detiecation also occasionally occur. 
Death usually takes place within live or ten minutes. 

Death is in all proliahiUty due to an-est of respiration. 
According to Geppert the an'est of respiration is caused by the 
hydrocyanic acid diminishing or annulling the power of the 
tissues to take up oxygen, so that the oxygen a 
the blood. According to Koberl ' llie liydrocyai 
with methiemoglobiu a red compound, » 
' A^ih, Zeit., ieai. 
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which differs from oxyhaemoglobin and its modifications in that 
its spectrum is not especially characterised by any band. This 
cyanogen compound gives to the blood a bright red colour. 
It is a very stable compound, allowing a current of air to be 
passed through it without the removal of the hydrocyanic acid 
from its union with the methaBmoglobin ; it also resists the 
reducing influence of the tissues, and may be recognised in 
the blood after death. According to Kobert, hydrocyanic acid 
renders the red blood coi'puscles useless as oxygen carriers, 
and the bright red colour of the cyanomethaemoglobin accounts 
for the peculiar reddish tint of the post-mortem stains, and for 
the bright red colour of the mucous membrane of the stomach 
which is so frequently seen at the post-mortem examination in 
cases of hydrocyanic acid poisoning. 

Treatment and antidotes.- The treatment of a case of hydro- 
cyanic acid poisoning, if any signs of life exist, must be prompt 
and immediate. Cold water should be dashed on the face and 
back of the neck ; smelling salts, or solution of ammonia, should 
be applied to the nostrils, and artificial respu*ation should be 
at once resorted to. If possible, vomiting should be induced 
by the administration of an emetic of mustard and water, or 
the stomach should be emptied by means of the stomach- 
pump ; but generally it is impossible to empty the stomach by 
either of these means, on account of the firm clenching of the 
jaws. Brandy should be administered either by the mouth or 
rectum, ether injected subcutaneously, and friction applied to 
the extremities. If a battery be at hand, faradisation of the 
phrenics and diaphragm may be resorted to. An antidote 
consisting of sodium carbonate, ferrous sulphate, and ferric 
chloride, stirred together with water, has been suggested, with 
the object of converting the hydrocyanic acid in the stomach 
into Prussian blue. This antidote is, however, useless, as there 
is no time for the preparation of so complex a mixture, con- 
sidering the quick absorption of the poison, and the rapidity 
with which death occurs. The hypodermic injection of atropine 
has been suggested as an antidote, the suggestion being first 
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made on accouDt of the well-known action of atropine as a 
powerful stiintilunt to the respiratory centre. A case has been 
recorded ' in which a man took a considerable quantity of 
cyanide of potassium in solution (the actual amount is not 
mentioned) for the purpose of committing suicide, and, in order 
to be quite sure of the attainment of his object, he also 
swallowed a solution of atropine. Eecovery took place, and 
on the following dny he was quite well, although no other 
antidote had been given. From experiments made by Krohl ^ 
on dogs and cats, hydrogen peroxide appears to be an antidote 
to hydrocyanic acid, the appai^ent action being the oxidation, by 
the hydi'ogen peroxide, of the hydrocyanic acid to oxainide. 
These experiments show thiit hydrocyanic acid in larger quan- 
tities than the fatal dose, when administered to dogs and cats, 
had its effects stayed by means of hydrogen peroxide, and, 
moreover, the hydrocyanic acid could not be detected in tho 
urine after the employment of hydi-ogen peroxide, whereas it 
is present in ordinary' cases of hydrocyanic acid poisoning. 

Foit-mortem appearannes. —The skin is either livid, or of a 
peculiar violet colour ; the latter condition has been especially 
noticed in cases in which the quantity of the poison taken has 
been great, and it is more or less transient. The post-mortem 
stains are of a pinkish colour, due to the bright colour of the 
cyanogen compound with the blood. The nails are generally 
blue, the Itngers clenched, the jaws firmly closed, and usually 
there is froth about the mouth. The eyes are wide open and 
ghstening, and the pupils are dilated. Internally the odour of 
the hydrocyanic acid is usually marked on opening the stomach, 
thorax, and skull. The mucous membrane of the stomach is 
congested, and may be of a brilliant red colour. The blood is 
always fluid, and is frequently a bright arterial red, hut it may 
be dark in colour. 

Fatal doM. — The smallest fatal dose recorded ' is half a 
drachm or thirty minims of the B. F. acid, equal to six-tenths of 
' PhaTmatxvXUiCht Ztilung, 1890. 
' Arb. Fkamuikol. iTiat Dorpat, Ii<i(2. ■ Thi' LaiictI, 1888 
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a gi*aiii of the anhydrous acid. Recovery has taken place after 
taking hilf an ounce of the B. P. acid,* equal to 4*8 grains of the 
anhydrous acid ; in this case the stomach-tube was quickly em- 
ployed, along with other energetic treatment. In another case' 
two drachms, equal to about ii*5 grains of the anhydrous acid, 
were taken and recovery took place. This case is remarkable 
in that the person (a woman) who swallowed the acid was able 
to rush upstairs and tell her master (a medical man) what she 
had done, previous to falling down insensible ; the treatment 
that was employed was the immediate use of the stomach-pump, 
the achninistration of apomorphine, and the employment of 
electricity and artificial respiration. 

Fatal period.- The shortest time in which hydrocyanic acid 
has proved fatal is two minutes; the longest recorded fatal 
period is an hour and a half. 

Analysis and tests.- I. The odour of the acid is mai*ked and 
characteristic, although some people are unable to detect it. 

II. rnissuin blue teat. This consists in adding to hydro- 
cyanic acid caustic potash or soda, solution of ferrous sul- 
phate, solution of ferric chloride, and finally hydrochloric acid, 
whi'ti the dark blue colour of prussian blue is produced. If 
the solution of hydrocyanic acid be very dilute, the iron salts 
should be added in very small quantities, and the colour which 
is at first produced is generally more of a green than a blue. 
On allowing the liquid to stand some hours the prussian blue 
settles as a blue precipitate, or the liquid may be poured on 
to white filter-paper, when tlie blue deposit is left as a verj- 
evident film on the surface of the paper. 

III. Sulphur te^t. This consists in the conversion of the 
hydrocyanic acid into ferric sulphocyanide, which is of a deep 
blood-red colour. This conversion is effected by adding to the 
hydrocyanic acid solution of annnonia, and then a few diops of 
yellow annnonium sulphide, and evaporating the mixture care- 
fullv to drvness. The residue is dissolved in distilled water 

' Internat. Jour. Med. Sciences^ 1890. 
^ Brit. Med. Jour., 1890. 
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acidified with hydrochloric acid, and ferric chloride added, when 
the deep blood-red colour of ferric sulphocyanide ia produced. 
The colour is discharged by the addition of a solution of 
mercuric chloride. 

IV. Solutiou of nitrate of silver gives with a solution of 
hydrocyanic acid a white precipitate, which, if allowed to settle 
and the liquid poured off, is dissolved by strong boiling nitric acid. 

The above -mentioaed tests ai-e described as they should be 
employed to detect hydrocyanic acid in the liquid form ; with 
regard to their relative deli- 
cacy, the iron and sulphur 
tests exceed the silver test 
when employed for the de- 
tection of liquid hydrocyanic 
acid ; but if employed to 
detect hydrocyanic acid in 
the fonii of vapour, the 
silver test is the most deli- 
cate one. It is employed 
by placing a drop of a weak 
solution of nitrate of silver 
on the concave surface of a 
watch-glass, which ia then ^™' ^S. "^"jj^^^'^,.^"^^ wE^^H^ui^'™ 
inverted over a beaker or inic Acm (MaBnitied 340ilittiiieiers) 
flask containing the liquid, 

or the contents of the stomach, or the viscuB to be tested for tree 
hydrocyanic acid ; if necessary, the evolution of the vapour is 
faciUtated by immersing the vessel containing the substances 
in warm water. The presence of hydrocyanic acid manifests 
itself aa a white line round the margin of the nitrate of silver 
drop, which gradually extends as a film over the whole of the 
drop ; it the deposit of silver cyanide has formed slowly, it will, 
when examined under the microscope, be found to consist of 
delicate prismatic crystals (fig. 15). The vapour test employed 
in this way ia extremely delicate (fig. 16), but if the material 
examined be undergoing putrefaction, the test cannot be used, 
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as the sulphuretted hydrogen resulting from the decomposi- 
tion would produce a film of black sulphide of silver, which 
would entirely o])scure the white cyanide of silver. The 
Prussian blue and sulphur tests may also be employed as 
vapour tests even when the substances tested are in a state of 
putrefaction. The prussian blue test is worked by placing a 
drop of solution of caustic potash on the concave surface of a 
watch-glass, and then inverting it for a few minutes over a 
vessel containing the substance evolving the vapour of hydro- 
cyanic acid ; the watch-glass 
is then removed, and the 
drop is stirred with two or 
three drops of a mixture of 
ferrous sulphate, ferric chlo- 
ride and hydrochloric acid, 
when the prussian blue is 
developed ; only mere traces 
of the iron salts should be 
employed in this reaction. 

The sulphur vapoiu- test 
is worked by emplojdng a 
drop of ammonium sulphide 

Fig. 16.-CRYBTAL8 OF Silver Cyanu>e ^^ ^ watch-glass, in place 
PRODUCED FROM THE HYDROCYANIC AciD of thc caustic potash ; tlus, 

OF A SINGLE AppLE-rip (Magnified 340 ^n^^ « *««, .«;«,, 4.^^» 

diameters) ^^^^^ * ^^^^ mmutes expo- 

sure, is removed, and the 
drop evaporated to dryness either on a w^ater-bath or cau- 
tiously over a spirit-lamp, and then touched with a glass rod 
that has been dipped into a weak solution of ferric chloride 
and dilute hydrochloric acid, when the blood-red colour of 
ferric sulphocyanide is developed. This colour is discharged 
by the addition of a drop or two of solution of mercuric 
chloride. 

V. Another delicate test for liydrocyanic acid is the nitro- 
prussid test, which consists in adding to a solution of hydro- 
cyanic acid a few drops of potassium nitrite, two or three drops 
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of ferric chloride solution, aod dilute liulphuric acid until a 
li|jht yellow colour is obttiined. The liquid is then heated to 
boiling, cooled, solution of uminoiiia added to precipitiite exeess 
of iron, filtered, and ono or two drops of a very dilute solution 
of the coloiu-less ammonium sulphide Eiddod. A vei7 minute 
quantity of hydrocyanic acid gives a bluish-green colour. A 
larger quantity gives a violet-red colour, which changes to blue, 
green, and finally yellow. 

VI. If a dilute solution of stai-ch be tinged with iodine, 
the bluish-black colour is discharged on addition of a minute 
amount of hydrocyanic acid. This test is, however, only of 
value as a confirmatory test, since other reducing agents will 
also discharge the colour of iodide of starch. 

From organic substances liquid hydrocyanic acid may be 
obtained by distillation with tartaric acid, and the above-men- 
tioned testa can then be apphed to the distUlate. This process 
is, however, open to the objection that hydrocyanic acid might 
be derived from non-poiconous cyanides, or from a sulpho- 
cyanide, such as sulphocyanide lA potassium, which, in small 
quantities, is contained in saliva ; and, since the latter is 
swallowed, minute quantities of potassium sulphocyanide may 
be present in the contents of a stomach, To obviate thin 
objection, the contents of a stomach may be distilled with 
a substance evolving carbon dioxide, which gas will liberate 
hydrocyanic acid if present in the free state, or if potassium 
cyanide bo present, but will not decompose potassium sulpho- 
cyanide nor potassium feri'ocyanido and the non-poisonous 
double cyanides. The following is the process : — 

Jacijuemen's ^iroccus fur detecthnj hydruci/ank acid or potaa- 
aium cyanide in the preseitcc of lum-jjoisoiwus double cyanides.^ 
The contents of the stomach are mixed with a concentrated 
solution of sodium bicarbonate and distilled. The distillate is 
then examined by any of the tests previously described. 

Another process is the following : — 

Barjoed's process for detecting hydrocyanic aciti and poisoiimis 
cyanides in the prese}u:e of aon-poUomus double cyanides, -The 
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contents of the stomach are acidulated with tartaric acid ai 
shaken with an equal volume of ether. The ether is remov( 
hy decantation, and contains the free hydrocyanic acid. 
is then shaken with a dilute solution of caustic soda, and tl 
latter, after standing, is drawn off by means of the separatii 
funnel, and tested by any of the previously mentioned tests. 

Tlie amount of hydrocyanic acid present in the contents 
the stomach or viscera may be estimated by distillation wi 
tartaric acid, and the subsequent precipitation of the hydr 
cyanic acid fiom the distillate as silver cyanide, which is th« 
collected and weighed. 

Detection of hydrocyanic acid in the blood.— Blood con tail 
ing the cyanogen compound with methaemoglobin may 1 
tested in the following manner, as described by Robert * : — 

One c.c. of the ])lood is diluted with ninety-nine c.c. of di 
tilled water, and one per cent, of solution of potassium fen 
cyanide is added drop In' drop, with continuous shaking. 
cyanogen Ije absent, the colour of the solution passes from re 
to yellow, owing to the formation of methaemoglobin, and shovi 
the spectrum of the latter. If cyanogen be present in th 
l)lood, the colour l)ecomes brighter red, and shows no absorptio 
band in the spectrum. 

Another method, also given by Robert, for distingiii^hin 
blood which contains the cyanogen compound from nonm 
blood, is l)ased on the fact that the self-reduction of the bloo 
is arrested by the presence of the smallest quantity of hydrc 
cyanic acid. If blood contains cyanogen, a one per cen 
solution retains its colour for some time ; w^hereas, a one pe 
cent, solution of normal blood becomes darker at the end < 
a few hours or days, and, in place of the oxyhyenioglobi 
spectrum, shows the spectrum of reduced ha.'moglobin. 

Late detection of hydrocyanic acid. -If the viscera or bloo 
containing hydrocyanic acid have undergone putrefaction, th 
acid may have been con)pletely converted into amnioniui 
suljihocyanide by the annnonia and sulphm*etted hydroge 

• AlHjilu Zeit., iSJl. 
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produced during putrefaction. This ammonium sulphocyanide 
may be disaolved out of the dried viscera or blood by alcohol, 
the alcohoHc solution filtered and evaporated to drjTiess, 
when the residue will give the characteristic blood-red colour 
with ferric chloride. In this way Stevenson has detected the 
poison in blood kept for a year after death from hydrocyanic 
acid poisoning. 

PoTABBiUM Cyaside 

This substance is krgely used in photography and in con- 
nection with electro-plating. As a poison it is similar in its 
action to hydrocyanic acid, and the symptoms produced by it 
are the same as those detailed in connection with hydrocyanic 
acid (see p. 221) ; but, since the commercial potassium cyanide 
frequently contains a large quantity of undecomposed potassium 
carbonate, it may. when taken, exert iv corrosive action fmm 
the presence of that substance, and so may cause softening 
or erosion of the mucous membrane of the Hps. mouth, and 
stomach, and lead to the production of blood-stained mucus on 
the surface of the stomach. 

Post-mortem appeBTaiicei.^The same aa those given in 
connection with hydrocyanic acid (see p. 223), mth the possible 
addition of the con-oaive effects mentioned above. 

Fatal dose. -Five grains of potassium cyanide have caused 
death in a quarter of an bom- ; but recovery has taken place 
after the taking of forty grains of it in a solid form. 

Teat*.— The same as those for the detection of hydi'o- 
cyanic acid, and, iu addition, the teats for potassium. 



Phepar.^tions containiko Hydrocyanic Acid 
Essential oil of bitter almonds. — This volatile oil is obtained 
by distillation of bitter almond seeds with water. It is not 
present in the seeds, but is produced from a substance named 
amygdalin. which undergoes decomposition by means of a 
ferment named emulsin in the presence of water. Both 
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amygdalin and emulsin are present in bitter almond seeds, and, 
hy their interaction in the presence of water, the essential oil 
of bitter ahiionds and hydrocyanic acid are produced. 

The essential oil of bitter almonds contains hydrocyanic 
acid varying in amount from five to fifteen per cent. As a 
rule, it is now freed from hydrocyanic acid before being sold as 
a flavouring agent. If the hydrocyanic acid remain in it, it is 
necessarily a veiy poisonous substance. Thirty drops of the 
oil have proved fatal to an adult in somewhat under half an 
liour. Mistakes have occasionally occurred from confusing 
it with almond oil, or oil of sweet almonds, which is a fixed 
oil obtained by expression from sw^eet almonds. Essence of 

m 

ahnoufls consists of one part of the essential oil to seven parts 
of rectified spirit. 

Cases of poisoning from eating bitter almond seeds are verv 
rave, ^faschka records the case of a woman, aged thirtv-one 
years, who ate a number of the seeds, calculated to weigh 1,200 
giains, and to be capable of yielding about 2*5 grains of pure 
hydrocyanic acid. In about a quarter of an hour she became 
insensible, and death occurred withhi an hour and a half from 
the first symptoms. 

Chrrnj-laiirel water, which is obtained by distilling cherr\'- 
laurel leaves with water, contains about 0*1 per cent, of hvdro- 
cvanic acid. 

Bitter almond irater, obtained by distilling bitter almond 
seeds with water, also contains a small quantity of hydrocyanic 
acid. 

The kernels of the following fruits yield hydrocyanic acid 
in small quantities on treatment with water, viz. peach, cherrv, 
apricot, plum, and apple. In the unbroken state, apple seeds 
yield no hydrocyanic acid, and, if swallowed, pass through the 
body unchanged. The seeds of four average-sized apples yield 
by distillation one-fortieth of a grain of anhydrous hydrocyanic 
acid, the same amount being obtainable from one bitter almond 
seed. In fig. IG are represented some crystals of silver cyanide 
produced from the hydrocyanic acid of a single apple-pip. 



Alcohol 

In a work on medical jurisprudence it ie only necessary to 
describe acute alcoholic poisoning. In cases where a medical 
man is called to see a patient in a condition of profound coma, 
and where no history as to the causation of the insensibility 
can be obtained, the correct diagnosis may be extremely diffi- 
cult, and a careful methodical examination, as detailed below, 
should be made. Alcohol is eliminated by the kidneys and 
lungs, and during its elimination by the lunga in the form of 
vapour it communicates to the breath a characteristic odour. 

Symptomi. — The symptoms of a poisonous dose of alcohol 
generally come on in a few minutes, and are : (i) Confusion of 
ideas, (ii) Tottering gait, (iii) Giddiness, followed by stupor 
and coma, (iv) Should recovery from this stage supervene, 
vomiting generally occurs ; if recovery from this stage do not 
take place, vomiting is usually absent, (v) The pupils are 
generally dilated and lixed, but they may he contracted almost 
to pin-points, and remain in that condition nearly up to the 
last, as in a case described by Berry.' It the pupils ai-e dilated, 
but contract under the influence of light, the sign is to be 
regarded as a favourable one. (vi) The odour of alcohol in Ihe 
breath. This, however, is practically of but httle use, since on 
the discovery of a person in an insensible condition the first 
action of bystanders is, as a rule, to pour brandy or some other 
stimulant into the mouth. 

The rapidity of the onset of alcoholic insensibility is very 
much influenced by the degree of concentration of the alcohol 
taken. If the alcohol be taken in a diluted form, a stage of 
excitement precedes the stage of stupor ; but if taken in a 
concentrated form, and in a very large dose, profound coma 
may ensue in a very few minutes. 

It is important to remember (hat alcohol may cause death 

I The Lancet. 1893. 
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in one of the three following ways : 1. If a large quantity ol 
concentrated alcohol, such as a pint of whisky or brandy, be 
swallowed at once, death may result in a lev: minutes from 
shock. 2. If a large amount be taken in divided doses, tht; 
administration of which is spread over several hours, death 
may be due to syncope, preceded by prolonged coma. 3. The 
patient may pass through a comatose state, and make an 
apparent recovery, and then, on rare occasions, may suddenly 
have a relapse and die. 

Comatose symptoms, due to opium and other narcotic 
poisons, to cere])ral haemorrhage, to concussion of the brain, 
to uricmic coma, to diabetic coma, to post-epileptic coma, and 
hysteroid stupor, have not unfrequently been mistaken for 
those of alcoholic poisoning. The following table gives the 
points to which attention should be pailicularly directed in 
making the dift'erential diagnosis. Hysteroid stupor would be 
detected by taking into consideration the age and sex of the 
patient, and the absence of the symptoms of insensibility. 
Post-epileptic coma rather resembles deep sleep than true 
coma, and is chiefly met with in young persons. If the rare 
condition known as status epilepiicns occur, in which a series 
of fits succeed one another, witli inter\^als of coma, the tongue 
should always be examined to see if it has been bitten bv 
the teeth, an accident which is a common occuirence anions 
epileptics. 

Treatment.— The stomach should be emptied by means of 
the stomach-pump or tube ; if neither of these be procurable, 
an emetic of mustard and water should be given, or a hypo- 
dermic injection of apomorj)hinc administered. Cold water 
should be dashed upon the face and head, and hot strong 
coffee should be given as a cerebral and cardiac stimulant. 
If a medical man be called to a person in a comatose state, 
and doubt exist in his mind, after the examination of the 
patient, as to the cause of the coma, it is ad^^sable to treat 
the case as one of cerebral liiiMnorrhage. 

Post-mortem appearances. - Eigor mortis is usually well 
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marked and prolonged, and the onset of putrefaction is slow. 
On opening the cavities of the body the odour of alcohol may 
be detected in the stomach, hver, lungs, and brain, but the 
smell is not necessarily present in cases of alcohol poison- 
ing which have terminated fatally. The mucous membraDe 
of the stomach is sometimes found congested or inflamed, and 
frequently presents a deep cheiTy-red colour, which at first 
sight might suggest the action of a metallic irritant poison such 
as arsenic. The red colour is not necessarily the same all over 
the lining of tlie stomach ; it may be bright red in places and pale 
in others. The lungs are generally found congested, and the 
right heart and veins are usually filled with dark fluid blood. 
The brain and its membranes are generally congested, the 
vessels being filled with dark fluid blood, and extravasations 
are sometimes found. 

Fatal dose. — This is very varial)le, and depends verj- much 
upon the degi'ee of concentration and the quantity of alcohol 
taken at one time. For children under twelve years of age, an 
amount of spirit containing one to two fluid ounces of absolute 
alcohol w^ould probably prove fatal ; for adults an amount of 
spirit containing three to ^\% fluid ounces of absolute alcohol 
would probably prove fatal if taken within a short period of 
time. A child has died from drinking two ounces of gin, and 
an adult from drinking half a pint of gin. 

Fatal period. -Very variable. 

Analysis and tests. - Alcohol may be separated from organic 
admixture by distillation ; if the organic substances are acid in 
reaction, they should be neutralised by the addition of sodium 
carbonate previous to distillation. To the distillate the follow- 
ing tests may be applied. 

I. Iodoform test, — If to a solution of alcohol a few drops of 
aqueous solution of iodine in potassium iodide are added, and 
then sufticient caustic potash or caustic soda to decolourise the 
iodine, the liquid, on warming, will yield a crystalUne deposit 
of iodoform, which may be recognised by its smell or by the 
appearance of hexagonal crystals under the microscope. Other 
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substances, however, such as aldehyde and acetone, also give 
the iodoform reaction, 

II. Bichromate test.- -II a solution of alcohol be heated with 
a few drops of solution of potassium bichromate and some 
strong sulphuric acid, the odours of, fii-stly, aldehyde, and 
afterwards acetic acid, are evolved, and the colour changes from 
yellow to green. 

III. Nitrofis ether test. — If to a solution of alcohol some 
copper turnings, a few di'ops o( nitric acid, and some strong sul- 
phuric acid ai'e added, and the mixture warmed, ihe characteris- 
tic odour of sweet spirit of nitre is evolved. 

rV. Acetic ether lest. — If to a solution of alcohol a fewcrystals 
of sodium acetate and some strong sulphuric acid are added, 
and the mixture warmed, the odour of acetic ether is evolved. 

Chloral Htdbatb 

This substance ia now extensively employed as a hypnotic, 
and many cases of poisoning, principally accidental or suicidal, 
but occasionally homicidal, occur from its use. Chloral hydrate 
diminishes, and in poisonous doses annuls, the reflex irritability 
from the. spinal cord, and in large doses produces profound 
coma. 

Symptonu. — (i) In poisonous doses, after a short interval, 
drowsiness comes on, then passes into profound coma, which 
may terminate in death, (ii) The respiration is slow and 
laboured, but it may be quick and shallow, (lii) The heart is 
considerably depressed, and the pulse is small and feeble, 
(iv) The face ia generally Uvid or pale, hut occasionally flushed, 
as in a case seen by Welch.' The pupils are generally con- 
tracted and insensible to light, but occasionally they are shghtly 
dilated, (v) The surface of the body is cold and clammy, and 
the reflexes are absent. 

Pluramer " records a case of a boy, aged sixteen years, who 
took probably over one ounce of chloral hydrate ; thi'ee hours 
' T!k LoTKct. laei. " Iliiil.. 1K!U. 
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later he was quite unconscious, and could not be roused ; sevei 
hours after taking the poison his temperature rose to 100® P. 
at a period of thirteen hours it was 103® ; at thirty-one hour 
it was 104*6®, and thirty-nine and a half hours after taJdng th< 
poison he died without having recovered the slightest conscious 
ness, altliough energetic treatment had been resorted Xy 
throughout. 

In cases of fatty disease and valvular affections of the heart 
comparatively small doses of chloral may cause sudden deatl 
by producing paralysis of the heart. Chloral hydrate is, to i 
slight extent; eliminated unchanged in the urine, but the greatei 
part of it is decomposed in the system, one of the products o 
decomposition- urochloral acid - being foimd in the urine. 

Treatment and antidotes. The stomach should be emptiec 
and washed out either by the stomach-pump or stomach-tube 
If neither of these he procurable, an emetic of mustard anc 
water, or a hypodermic injection of apomorphine, should be 
administered. The face and head should be flicked with a 
wet towel in the endeavoiu- to rouse the patient. Warmth 
should be applied to the body by means of hot bottles and 
warm blankets, and hot strong coffee should be administered. 
The hypodermic injection of four minims of liquor strychnina 
is useful. Smelling salts should be applied to the nostrils, and 
artificial respiration resorted to, if nccessar}\ Inhalations of 
oxygen, administered at inten'als, have been recommended, and 
appear to be beneficial. 

Post-mortem appearances.- There are no characteristic 
appearances of chloral poisoning. The lungs and heart are 
generally found in the condition met with in cases of death from 
failure of respiration and ciiculation. Fluidity of the blood has 
sometimes been obsened. 

Fatal dose. - The smallest dose of chloral hydrate that has 
proved fatal was in the case of a child, one year old, whose death 
was caused by three gi'ains. The smallest quantity that is 
recorded to have killed an adult is ten grains, which produced 
death in an old lady of seventy. In anotlier case twenty grains 




caused the death of an adult in half an hour, and io another 
case thirty grains proved fatal. Racovery has taken place, 
however, after taking very large doses of chloral. Welch ' 
describes a case of recovery in a, woman after taking 360 grains 
of chloral. Holbuilon * describes a case of recovery in a gen- 
tleman after having taken 240 grains. In another case recovery 
took place after 420 grains had been taken in one dose.' 

Fatal period. — The shortest time within which death has 
occurred is lifteen minutes, and the longest period that has 
elapsed liefore the fatal event is thirty-nine and a half hours, 

A ease of homicidal poisoning occurredin Manchester in 1889 
and was the subject of a trial. Jie<j. v. Parloii (Manchester 
Ass., 1889). The prisoner was convicted of having caused the 
death of his victim, an elderly man, by the administration of 
hydrate of chloral in beer. Probably only a small quantity of 
hydrate of chloral was given, with the object of stupefying the 
victim with a view to robbery ; but, owing to the fatty con- 
dition of the victim's heart, death resulted in all probability 
from paralysis of the heart. Traces of chloral hydrate were 
found in the contents of the stomach. 

Analftis and tests.— To extract chloral hydrate from the 
contents of the stomach, they should be digested for twenty- 
four hours with three or four times tbeii' volume of absolute 
alcohol rendered acid by sulphuric acid ; the alcoholic extract 
is sepamted by filtration and evaporated. The residue is re- 
peatedly shaken with petroleum ether to remove fatty sub- 
stances, and is finally shaken with ordinary ether to ex- 
tract chloral hydrate ; by the evaporation of this elhereal 
extract chloral hydrate is left. To detect chloral hydrate in 
the urine, it should be acidified with sulphuric acid, and then 
agitated, first with petroleum ether, and finally with ordinary 
ether to extract the chloral. 

I. A solution of chloral hydrate, when agitated with solution 
of caustic potash, and, if necessary, gently warmed, evolves 
1 Tht Lancet, 18fll. * BrU. Med. /our., ISaa. 

' Dixon Mann's Ftyrcnsic lied, and Toxicol. 
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the odour of chloroform. If the solution be a strong on 
the chloroform is precipitated in the form of fine globules, an< 
appears as a white precipitate. 

II. If to a solution of chloral hydrate a few drops o 
ammonium sulphide be added, the mixture, either quickly oi 
in a short time, accordin<]j to the amount of chloral hvdiraU 
present, becomes opalescent, and finally acquires a yellowish oi 
reddish-yellow appearance, an amorphous precipitate finall} 
settling to the bottom of the tube ; at the same time a peculiai 
odour is developed. This test is an extremely delicate one. 

III. If to a solution of chloral some alcoholic solution oi 
caustic potash and a few drops of aniline be added, and the 
mixture well shaken and then warmed, the extremely dis- 
agreeable odour of phenyl isocyanide is developed. This test 
depends upon the conversion of the chloral by the caustic 
potash into chloroform. A similar reaction is given with 
chloroform, iodoform, bromoform, and trichloracetic acid. 

IV. If to a solution of chloral hydrate an aqueous solution 
of caustic potash, in which a little )8-naphthol has been dis- 
solved, be added, and the solution gently warmed, a blue colour 
is produced. This test also depends upon the conversion of 
the chloral by the alkali into chloroform. 

If chloral hydrate be present in the contents of the stomach 
in very small amounts, in order to avoid confusing it with 
chloroform, it is advisable to first distil the contents of the 
stomach with sufHcient tartaric acid to render them acid, when 
if any chloroform distils over it must have existed as such in 
the contents of the stomach. If the fluid in the distilling flask 
be then rendered alkaline with caustic potash, and again dis- 
tilled, any chloroform vapour which then comes over must be 
derived from the decomposition of chloral hydrate. For the 
delicate detection of chloroform vapour, see p. 243. In the 
urine both the chloral and the iu*ochloral acid possess the 
property of reducing Fehling's solution, and hence iiiav l>e 
mistaken for suj^ar in the urine. 



CHLOROFORM 




CULOHDFORM 

As It lirjuid, chloroform is neither a vuiy active nor commonly 
used poison. Poisonini; by Uquid chloroform is generally the 
result of accident, or of attempted suicide. 

Symptoms. —The symptoms that follow the swallowing of 
chloroform in a liquid form are similar to those produced by 
its inhalation, with the addition of those due to the irritant 
effect of the liquid on the mucous membrane of the stomach 
and intestines, (i) Vomiting generally occurs, (ii) Unconscious- 
ness soon supervenes, and the patient becomes comatose, 
(iii) The face is cyanosed, and the surface of the body clammy. 
The pupils are generally dilated, and do not react to light. The 
breathing is slow and stertorous, and the pulse feeble and 
small, (iv) If death occur, it is due to paralysis of the re- 
spiratory centres, and possibly to paralysis of the heait, as an 
additional, or, as some observers believe, as a primary cause. 
(v) If the patient recover consciousness, dtarrhcea may occur. 
The liver is sometimes enlarged, and a certa'n amount of 
jaundice may be present. 

Treatment. The stomach should be emptied and washed 
out by means of the 5tomach*pump or tube, or, if neither of 
these bo procurable, a hypodermic injection of aponiorphine 
should be administered ; the face and head should be ilicked 
with ft wet towel, and three or four drops of nitrite of amyl 
held to the nostiils at frequent intervals. Artificial respii'ation 
should be employed, and warmth applied by means of hot- 
water bottles and warm blankets. 

FoBt-mortem appearancea.— There are no characteristic 
appearances. If much liquid chloroform has been swallowed, 
there may be signs of irritation of the mucous membrane of 
tlie stomach and intestines. The blood is frequently found 
fluid and dark. 

Fatal dose.— The smallest quantity of chloroform in the 
hquid form that has killed is one fluid drachm ; this occurred 
in the case of a boy four years oi age. The smallest recorded 
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fatal dose in connection with an adult is about four fluid drachm! 
(Falck). On the other hand, recovery has taken place after th« 
swallowing of much larger doses. On one occasion a mac 
swallowed foiu: fluid ounces of chloroform ; he then walked 
a considerable distance, became comatose, with dilated pupik 
and stertorous breathing, and finally recovered in ^yq days. 

A case of death from swallowing liquid chloroform was the 
subject of a sensational trial in London in 1886, Hcq, v. 
Adelaide Bartlett (C.C.C., April 1886). 

Fatal period. -Death has occurred in three hours aftei 
swallowing chloroform, but usually twelve hours or mow 
elapse. 

In cases in which anaesthesia is produced by means ol 
chloroform vapour mixed with air, death occasionally occurs, 
and in such cases, the fatal termination is generally much more 
rapid than in cases of death from swallowing it in the liquid forni. 
Death has occurred within two minutes from the commence- 
ment of inhalation of chloroform, and twenty minims inhaled 
have proved fatal. There are certain important medico-legal 
points that may arise in connection with the administration oi 
chloroform as an anuisthetic with which the medical practitioner 
should be acquainted. One is, as to whether pei-sons in a 
natural sleep can be put under the influence of chloroform with- 
out being awakened, and thus be either robbed or chloroformed 
to death. If the sleep be very deep, it has been found by 
experiment that this efl'ect can be produced, but not so if the 
sleep be slight or partial. Another point is, that in some cases 
of alleged robbery and rape, it has been stated by the alleged 
injured person that sudden insensibility was produced either 
by the application of an open bottle of chloroform to the 
nostrils, or by applying a handkerchief saturated with chloro- 
form to the face, or by waving such a handkerchief in front of 
the face. To aniestlietise an adult, not in a sleeping condition, 
against his or her will, is not possible without a prolon«Ted 
struggle ; the mere waving of a handkerchief before the face 
of such an individual would certainly not produce sudden 
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B insensibility. Adults are not commonly rendered insensible 

I with chloroform vapour until after the lapse of from five to 

P eight minutes, and the quantity required to produce insensibility 

in an adult is usually between three and four finid di-achina 

given in one-drachm doses. 

With regard to tlie MicMle of death in connection with 
poisoning by chloroform, the Beport of the worli of the Second 
Hyderabad Chloroform Comniiasion is interesting. Tlie results 
obtained by them confirmed the resnlts obtained by the first 
Commission, and show that when animals are aniesthetised by 
chloroform, or by ether, respiration fails before the heart does. 
In the cases of death from chloroform administered to animals, 
they found that chloroform poisoning causes paralysis of the 
respiratory centre, and then gradual death, the heart ceasing its 
action later. The facts deduced from their experiments are 
briefly stated as follows: — (1) When chloroform freely diluted 
with air is continuously given, a gradual fall of the blood-pres- 
eure occurs, provided respiration is not impeded, and provided 
the animal breathes quietly without strugt^Hng or involuntarily 
holding the breath. As this fall in blood -pressure continues, 
the animal first becomes insensible, then the respiration 
gi'adually ceases, and lastly the heart stops beating. However 
concentrated the chloroform may be, it does not cause sudden 
death or stoppage of the heart. (2) Chloroform has no power 
of increasing the tendency to either shock or syncope during 
operations. (3} StiTjggling during clilorotonn inhalation, or 
anything interfering with the breathing, such as holding the 
breath, or asphyxia, produces irregularities in the circulation, and 
in the action of the heart. (4) The Commission found that, if 
natural and regular respiration were insured without struggling, 
holding the breath, or any interference with the breathing, 
it was possible to give chloroform to the production of full 
aniBsthesia with a gradual tall of blood -pressure, and unaccom- 
panied by any irregularity of the heart or circulation. (5) When 
death occurs from chloroform, it is invariably due to an over- 
dose. (6) The important factor in the safe administration of 
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chloroform is that the breathing be natural, and that struggling 
and any other form of respirator}^ embarrassment be avoided, and 
that to effect this, the chloroform must be administered in an 
open cone or cap which is at first held far enough from the 
patient's face to avoid causing him to 'hold his breath or to 
struggle, and into which he should be directed at first to blow 
after each inspiration. The cone or cap is then gradually 
brought nearer to the face, and eventually quite close to it. 
Pallor and loss of pulse are signs of great danger, and signify 
that the patient has not been breathing properly, or that he 
has been asphyxiated, or that the respiratory centre has been 
paralysed. The fall of the blood-pressure ceases long before a 
dangerous point is reached, if the inhalation be stoj)pe/l, when 
the cornea becomes insensitive. (7) In the administration of 
chloroform, the blood-pressure should fall regularly throughout 
the whole administration, and this regular fall of blood-pressure 
can only be insured by absolute regularity in the breathing ; 
therefore, to keep the breathing regular, the main attention of 
the administrator is to be concentrated upon that point. 

The experiments of Mc Williams are opposed to those of 
the Commission, as he infers that chloroform has a direct 
influence on the heart, that death occurs from cardiac failure, 
and that the respiration may be continued even after the heart 
has stopped. 

Treatment. — In cases of chloroform anaesthesia in which 
respiration ceases, or the pulse suddenly fails, artificial respira- 
tion should be immediately resorted to. The chin should first 
be drawn forcibly upwards and the tongue drawn forward. 
The face may be flicked with a wet towel, and nitrite of amyl 
applied to the nostrils. The hypodermic injection of four or five 
minims of liquor strychninae is usually extremely beneficial. 

Milne ' makes the suggestion that, in cases in which there 
has been considerable loss of blood previous to the adminis- 
tration of chloroform, a hypodermic injection of strychnine 
before administering the anaesthetic, may be of use. 

' Brit. Mea, Jour., 1891. 
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Toxicity of ekloToform. — By the repeate<I freezing of ordinary 
[ chloroform by means of intense cold. Pictet has prepared what 
he considers to be pure chloroform. The molher-liquor from 
I wliicb the chloroform has been frozen out resemblefi chloroform 
I physically, but contains residues, which, according to Du Boia- 
Eeymond, differ considerably physiologically, and have a dele- 
terious effect upon the organism. As to what these impurities 
or residues consist of nothing is known, but it is possible 
that tliey are composed of bodies possessing a powerfully de- 
pressing action upon the heai't. Chloroform may be derived 
from several sources, and many surgeons have maintained that 
bad results are apt to follow its use when it is obtained from 
certain makers. From experimeuts that have been made, it 
appears that these residues cause diminution of blood-pre 
and that respiration stops more quickly when chloroforn 
taining them is used than when pure chloroform is employed. 
Du Bois-Reymond considers that pure chloroform will kill by 
failure of respiration, but that impure chloroform does so 
rather more rapidly. The amount of impurities, he admits, is 
very slight, but he beheves that, although minute, they act 
strongly when dissolved in chloroform, and that their presence is 
enough to serioiLsIy affect the person or animal inhaling the 
drug. 

AnalyBii aad testB.- I. In cases of poisoning by chlorofoim, 
its odour may be detected in the stomach or lungs, but this 
method of detectiou ia not to be considered a dehcate one, 
nor is it likely to be of sen'ioe if the viscera are in a state of 
putrefaction. 

II. A very delicate method tor the detection of chloroform 
is by the Ragsky process. If death has been caused by the 
inhalation of chloroform, the lungs should be selected for the 
operation of the teats. They should be finely minced, and 
mixed with a small quantity of water in a flask, the contents 
of which should be rendered slightly alkaline by means ot 
sodium carbonate. The flask is provided with a double per- 
forated cork (fig, 17) ; through one of the perforations a glass 
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tube open at both ends passes, so as to dip below the surface of 
the contents of the flask. Through the other perforation a 
piece of glass tubing bent at a right angle is passed. This is 
connected with a Bohemian glass tube which can be heated to 
bright redness over a broad bun sen -burner through a length of 
four to six inches, as shown in fig. 17. Four inches froui tlie 
heated portion a atrip of calico, one inch in width, is wound 
several times round the tube, and then allowed to dip into iv 




beaker ; this is kept cool by water constantly diopping on it. 
In the part of the tube immediately in front of that around which 
the calico is wound, a piece of paper which has been dipped 
into a mixed solution of potassium iodide and starch is placed ; 
in front of this the glass tube is connected with a set of Liebig's 
biilbs containing a solution of silver nitrate. These bulbs in 
their turn are connected with an aspirator. The flask is placed 
in a hot-water bath, and air is drawn through its contents, 



CHLOROFORM 



245 



J ftnd through the apparatus connected with it by means ot the 

I ABpirator working at the extremity of the Liebig's bulbs ; in 

1 this way any chloroform in the tissues contained in the flask 

I is volatilised, and together with aqueous vapour passes through 

I the red-hot portion of the tube, where it undergoes decomposi- 

I tion, with the production of chlorine and hydrochloric acid 

\ gases. The chlorine is detected by its turning the iodide o( 

potassium and starch paper blue, and the hydrochloric acid 

gas is detected by its producing a white precipitate of silver 

chloride in the solution of silver nitrate contained iu the bulba. 

This method ia an extremely dehcate one tor the detection ot 

chloroform, and by this process Ludeking ' has demonstrated 

that chlorofonn, when it has caused death by inhalation, can with 

certainty be detected in the body four weeks after death, and 

even when putrefaction has advanced to a very considerable 

extent. He also demonstrated that in cases of death not 

resulting fi-om chloroform poisoning, the putrefied viscera gave 

no chloroform reaction by this method. The same process may 

also be applied to the detection of chloroform iu the blood, and 

Stevenson has readily detected it in the blood of a person killed 

by inhalation of chloroform, when the body was examined 

twenty- four hours after death, 

III. Chloroform may be separated by distillation from 
organic admixtures. A portion of the distillate may be tested 
by adding a few drops of aniline and some alcoholic solution of 
caustic potash ; on gently warming the mixture for a short time, 
the very disagreeable odour of phenyl isocyanide is evolved if 
chloroform be present. 

IV. Another test is to add to a portion of the distillate a 
solution of a smaU quantity of ;]-naphthol which has previously 
been dissolved in an aqueous solution of caustic potash ; 
on gently warming the solution a blue colour is produced if 
chloroform be present. 

The amount of chloroform present in any of the viscera 
may be determined by introducing a weighed quantity of the 
' St. LoitU Academy of Science, ISSH. 
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minced substance into a flask fitted in the same way as in 
fig. 17, and passing the vapom* of the chloroform through a 
combustion tube ten inches long, which is filled for about 
three-quarters of its length with pure lime and kept at a red 
heat ; the chloroform vapour is decomposed, and the chlorine 
unites with the lime, forming calcium chloride. At the end of 
the experiment the tube is broken into an evaporating dish 
containing dilute nitric acid, which dissolves the lime and the 
calcium chloride ; the chlorine can then be precipitated as silver 
chloride, which is collected, dried, and weighed. 

The reason that chloroform remains so long in the lungs 
and viscera after death is, according to Dubois, due to the fact 
that the chloroform vapour penetrates into the interior of the 
tissues, and there becomes substituted for normal water, the 
protoplasm absorbing the vapour of the anaesthetic and expellin 
a certain quantity of water. 
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Bromoform 

Dean ^ relates a case of poisoning which occurred in a child 
aged four years after taking between fifteen and twenty minims 
of bromoform. When seen half an hour later, the child was 
insensible, with pin-point pupils, livid, and breathing ster- 
torously ; the treatment consisted in emptying the stomach by 
means of the stomach-pump and emetics, and subsequent 
stimulation by means of external warmth, hot coffee and 
electricity. The child slowly recovered. 

SULPHONAL 

This substance, which is now so extensively used as an 
hypnotic, is a derivative of methane (CH4), from the molecule 
of which two atoms of hydrogen are displaced by two equivalents 
of methyl (CH3), and the other two atoms by two equivalents 

' The LoixceU 1893. 




of the ethylsulphonic acid r&dical {CjHjSO,). Tiio coiiatitution 
of Bulphoual is, therefore, diethylsulphon-dimethyl i 
thus: — 

CH, sorcyi, 
\„/ 

Sul phonal 

Sulplifiniil is produced by the oxidation of ik misturo of elhyl- 
niercaptan and acetone. It occurs in white tabular crystals, 
tasteless and odourless, slightly soluble in water, but freely 
soluble in alcohol or ether. lu large doses it is a poison. 

Symptomi.— (i) Sleep, deepening into coma, (ii) Profuse 
perspiration, (in) Slowing of respii'ation and circulation, and 
occasionally elevation of temperature, as occurred In ( 
described by Knaggs,' in which the temperature reached 1 
(iv) The urine is sometimes entirely suppressed, but more 
frequently is of a reddish-bro\vn or reddish-black colour from 
ihc presence of ha^uiatoporphyrin. (v) Ataxic symptoms, 
muscular tremors, and vomiting have occasionally been 
observed prior to ihe advent of unconaciouaness. 

Treatment.— The stomach should ho emptied and washed 
out by means of the stomach-pump or stomach-tube, in the 
absence of which an emetic such as mustard and water, or a 
hypodermic injection of apomorphine, should be employed. 
Strong coffee may be administered as an antidote, or hypodermic 
injections of five minims of liqunr strychn'uuz may be given at 
intervals. 

Fatal dose.— Eather over one ounce of sulphonal has proved 
fatal to an adult.' Recovery has taken place after more than 
three ounces of sulphonal have been swallowed. If sulphonal 
be adniLuistered to persons suffering from considerable physical 
prostration, it may, even in medicinal doses, proiiuce dangerous 
symptoms of increased prostration, and depressed action of the 

' HtU. Med. Jour.. 1890. ' Ibid., 1800. 
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heart ; this occurred in two cases described by Grant ^ in which 
single doses of twenty grains produced alarming symptoms of 
muscular weakness and prostration. Kober *^ describes a case of 
slow sulphonal poisoning in which sulphonal was given in doses 
ranging from seven to twenty-two gi*ains (the latter dose only 
on a very few occasions) for a period of from four to five weeks. 
The urine gradually changed to a burgundy-red, and finally 
reddish-black colour. Retention of urine ultimately supervened 
and death occurred. Kober is of opinion that the sulphonal 
was stored away somewhere, possibly in the liver. Bresslauer 
of Vienna ^ has published a series of cases in which, out of 
twenty-seven insane patients who were treated with the drug 
for a considerable time, seven showed serious symptoms, and in 
five of these there was a fatal termination. The drug had been 
administered in good doses, and had been borne well until 
symptoms of disturbance set in ; these were constipation, dark 
brown urine, feeble pulse, and gi'eat prostration. The cause of 
deatli was heart failure, with oedema of the lungs. Stern ' 
found extensive necrosis of epithelium, and also minute 
haemorrhages in the kidneys of a woman who died of coma 
following an attack of ha?mato-porphyrinuria produced by 
taking sulphonal in daily doses varying from fifteen to thirty 
grains, and extending over a period of about three months, with, 
however, frequent intermissions. 

Fatal period. — The shortest time in which sulphonal has 
proved fatal is three days. 

Test. — If dry sulphonal be heated in a test-tube with reduced 
iron or charcoal, the odour of mercaptan is evolved. 

Nitroglycerine 

Nitroglycerine is a heavy oily liquid which produces by 
percussion a terrible explosion. When taken internally it 
exercises the general physiological action of a nitrite — viz. 

' Boston Med. and Surg. Jour., 1892. - Centralhl.f. Klin. Med., 1892" 
» The Lancet, 1891. * Deut. Med. Woch., 1894. 
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relaxation of the arteries, accompanied by throbbing Eind sen- 
sation of fiilncsB in the bead, and frequently by violent pain in 
the head, lowered blood -ten si on, and accelerated action of the 
heart. In poisonous quantities it produces general paralysis, 
death l>iing due to paralysis of respiration. 

Symptomi.— After swallowing nitroglycerine the following 
symptoms may occur, (i) Burning sensation in the throat 
and cesopiiagus down to the stomach, foUowed by nausea and 
vomiting, (ii) Giddiness, flushing of the face, severe pain in 
the head, rapid action of the heart, (iii) UnconaciousneBS, 
stertorous breathing, cyanosis and general paralysis. 

Fatal dose. — One ounce has caused death. Becovory has 
taken place after the swallowing of a tablespoonful of dynamite 
containing about two-thirds of its weight of nitroglycerine. 

Fatal period. — After the swallowing of an ounce of nitro- 
glycerine as referred to above, death occurred in four hours. 
After death from nitroglycerine the blood has been observed of 
a chocolate colour and containing methiemoglobin. 



Carbon Bisulphide 

Cases of acute poisoning from carbon bisulphide very rarely 
occur, but chronic poisoning from it is very common on account 
of its being largely used commercially in treating india-i-ubber, 
in extracting oils from seeds, and sometimes in the treatment 
of wool. In the cold process for vidcanising india-rubber, a 
mixture is used consisting of forty parts of bisulphide of carbon 
to from one to one and a half parts of chloride of sulphur. 
Cases due to acute poisoning by carbon bisulphide have been 
recorded in which amounts, varying from half an ounce to two 
ounces of the fluid, were swallowed. 

SymptOBU. — (i) Collapse, with coldness of the surface and 
cyanosis, (ii) Quick feeble pulse with lairoured respiration, 
(iii) The peculiar odour of bisulphide of carbon may be detected 
in the breath, and also in the urine and fiEces. (iv) If death 
occur, it is generally preceded by couia. 
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Treatment. — The stomach should be emptied and washei 
out by means of the stomach-pump or tube. Stimulants um 
warmth should he applied to counteract the collapse. If tb 
breathing be laboured, ai-tificial respiration should be resorted tc 

Post-mortem appearances.— Inflammation of the mucon 
membrane of the stomach has been found, together with thoodou 
of the poison in the contents of the stomach. The veins har 
1)een found iilled with black fluid blood ; the action of the c&i 
bon bisulphide en the blood consists in the formation c 
methirmoglobin, with disintegration of the coipuscles. 

Fatal dose. — About half an ounce has proved fatal ; thiscas 
is recorded bv Foreman.' 

Fatal period.— Death has occuiTed in two hours and 
quarter; this was the time noted in the case recorded by Foremai 

C-HUONic Poisoning by Carbon BisuiiPHiDE 

Chronic poisoning or intoxication by bisulphide of carboi 
is not unconmiun among workers in india-rubber factories, a 
the solution above referred to is used for the purpose of vul 
canisiiig. The lirst symptoms of bisulphide of carbon intoxica 
tion are gieat drowsiness and heaviness of the extremities 
generally accompanied by intense headache in the forehead 
and temples, along witli a marked decrease of the menta 
faculties. If tlie putient at this stage 1)0 sent into the fresh oi: 
he recovers very quickly. Later the appetite fails ; there i; 
headaclio, nausea, vomiting; the face l)econies livid, and then 
is either mental excitement or depression. Sleeplessness if 
common, but the sufferer when asleep may have horribk 
dreams, and fancv himself surrounded bv animals. While 
awake hi; may sutler from hallucinations resembling those oi 
delirium tremens, and th(? intoxication from carbon bisulpliide 
lias not unfrequently been mistaken for that of alcohol. Later, 
symptoms of peripheral neuritis may supen'ene ; these have 
been described by Ross," and consist of tingling and numbness 
' The Lancet, iMBfi. - Med. Chron., 1887. 
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I of the hands and feet, with progressive weakness and partiitl 

■ paralysis of the extensor muscles of the forearm aud leg, pro- 

■ ducing respectively wrist-drop and ankle-drop. Petersen ' de- 

■ Bcribes three cases of acute mania from carhon bisulphide 
I poisoning occurring in young men working in rubtier factories. 

■ None of thom presented any neui-itis, aud they all recovered. 

\ Bendu ' reports a case of poisoning by carhou bisulphide occur- 
ring in a girl, aged fifteen, who was employed in vulcanising 
india-rubber. She hiid for some time suffered from fi-onlal 
headache and heaviness of the head ; the pains l>ecame more 
violent, and were accompanied by a painful contraction of the 
niasseters, with stiffness of the neck and vertebral column ; the 
legs and arms were subsequunlly attacked in a similar manner. 
Treatment with chloral, combined with removal from the sourco 
of poisoning, effected a cui'e in a few days. 

Teati. — I. Carbon bisulphide can be detected after death in 
the blood, or during life in the saliva, by the phenyl-hydrazine 
reaction. Ten to fifteen c.c. of the blood are mixed with half their 
volume of water and distilled, and then treated in the same 
manner as described in connection with testing the saliva. Ten 
to fifteen c.c. of the saliva are shaken up with from twenty to 
twenty-five c.c. of benzene ; this takes up the bisulphide of car- 
bon, and on separating it and adding a few crystals of phenyl- 
hydrazine, a beautiful crop of crystals of a couipoundot the two 
substances deposits on standing. 

II. Another delicate test is the triethylphosphine test. This 
consists in shaking the saliva, or the distillate from the blood, 
with an ethereal solution of triethylphosphine, when, if bisul- 
phide of carbon bo present, the liquid assumes a beautiful pink 
colour, due to the formation of a compound of the two sub- 
etances. 

' Boston Med. and Surg. Jour., 1892. 
' Snii. MM.. IflUI. 
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ALKALOIDS AND OTHER VEGETABLE I'OISONS 

CHAPTER XV 

General reactions of alkaloids— Extraction and estimation of alkaloids in 
viscera --Poisoning by opium — Preparations containing opium Poison- 
ing by morphine — Chronic poisoning by opium and morphine— Poisoning 
by codeine. 

Vegetable alkaloids are organic bases resembling the alkalies 
in their properties of turning red litmus paper blue, and of 
uniting with acids to form salts ; hence the derivation of the 
name * alkaloid ' from alkali and cTSo?, likeness. All alkaloids 
contain nitrogen, and are in fact derivatives of ammonia, the 
hydrogen of which has been partially or entirely displaced bv 
various radicals. Chemically the vegetable alkaloids may be 
classified in three gi'oups : — (1) those which are derivatives of 
pyridine, e.tj. atropine, conine ; (2) those which are derivatives 
of quinoline, cjj. narcotine, cinchonine ; and (3) those which are 
substituted amines and amides. Most of the vegetable alkaloids 
belong to the first two groups. Alkaloids unite with acids to 
form salts. ^lost of the vegetable alkaloids are solid bodies * 
but a few, such as nicotine, conine and pilocai'pine, are liquid. 
Animal alkaloids are basic substances obtained from animal 
tissues, and in some of their properties resemble the vegetable 
alkaloids ; for the description of the animal alkaloids see pp. 397- 
404. Vegetable alkaloids possess several properties in common 
among which are their capabilities of being precipitated from 
solutions by certain reagents which are called alkaloidal group 
reagents. Some of the alkaloids are precipitated by all of these 
reagents, others by only a few^ 
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Alkaloidal group reagents— 1. Iodine dissolved in solntioii of 
potassium iodide. Wagner's reagent. -Tiiis gives a reildisli- 
hrown oi liiowii {ireciiiitiito witli most of tlm iilkiiloi<]«, even 
when tlicy are in very dilute solutiuiis. 

2. Plioipkomolybdic acid. Sonnenichein's reagent— This 
solution is yrepariad hy dissoivint,' iihos[il]oniohl)(livle of sodium 
in ten times its weij^ht ot water iind iiddiiig one-tenth of its 
volume of strong nitric acid. This solution gives a yellow pre- 
cipitate with nearly all the alkaloids. It, however, gives a 
precipitate with ammonium salts and ammonia derivatives, and 
also with salts of lead, silver, and mercury, unless excess of 
nitric acid he present. 

3. Fotassio-mercaric iodide. Kayer's reagent.— This solu- 
tion is prepared by adding solution of potassium iodide to a 
solution of mercuric chloride until the red precipitate at 
first thrown down is redJssolved in the excess ot potassium 
iodide. Mayer's solution precipitates the majority of the 
alkaloids. The solution to he tested must not contain acetic 
acid. Other organic matters besides alkaloids are thrown down 
by Mayer's solution. 

4. PhoBphotongitic acid. Scheibler'a reagent.— This i-e- 
agent acts in a very similar manner to pliosphomolybdic acid as 
a precipitant of alkaloids. 

Tests for the individual alkaloids will be found in the sec- 
tions devoted to them. 



Extraction and Estimation of AnciLoiDa 

IN TOXICOLOGICAL ENQUIRIES 

Extraction of alkaloids from the contents of the stomach or 
from the viscera can only be accotnphshed with gi-eat care and 
by a somewhat lengthy process. The points especially to he 
home in mind in connection with their extraction and purifica- 
tion are, that they should not be bi-ought in contact with strong 
mineral acids, nor subjected to a high temperature during the 
various steps of their extraction, since under either of these 
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conditions many of the alkaloids undergo decomposition. The 
best method for the extraction and estimation of alkaloids in 
toxicological enquiries is Stevenson's modification of the Otto- 
Stas method,^ of which the following is an extract : —The viscus 
or organic material to he operated upon, if solid, is divided as 
minutely as possible, and is then digested with twice its weight 
of rectified spirit or rectified methylated spirit at a temperature 
of 35° C. If the organic material be liquid, it is treated wth 
twice its volume of rectified spirit, and after twenty-four hours' 
digestion the liquid is poured off from the deposited solid, and 
the digestion repeated with a fresh quantity of spirit ; this is 
again poured off and mixed with the first alcoholic infusion, 
the solid matter, if necessary, being squeezed in a piece of fine 
cambric. The solid undissolved matter is then again digested 
at 35° with rectified spirit faintly acidified with acetic acid; 
after twenty-four hours' digestion the Hquid is strained ofiF and 
the digestion repeated with unacidified spirit, the exhaustion 
with this spirit l)eing continued so long as any colour is im- 
parted to the spirit. Two or three digestions with unacidified 
alcohol generally suffice to accomplish this. The alcoholic 
liquids obtained before acidification are mixed together and 
rapidly raised to a temperature of 70°, at which they are onlv 
. to be kept for a moment or two ; they are then quickly cooled, 

j filtered from matters that may have coagulated, the coagulated 

residue being washed with spirit. The liquids obtained with 
the acidified alcohol, and after the use of the acidified alcohol, 
are mixed together and similarly treated. These two alcoholic 
extracts are not mixed till a later stage is reached. Thev are 
separately evaporated at a temperature not exceeding 35° C. to 
the consistency of a s\Tup, the acidified extract being partly 
neutralised from time to time by the addition of a little caustic 
soda, so as to keep the liquid just perceptibly acid. The sjTupv 
extracts so obtained are each well stirred in a small mortar 
with 30 c.c. of absolute alcohol, which is then poured off, and 
the pasty mass is again stirred up with successive quantities of 

• Watt's Diet, of Chcm., vol. i., 1890. 
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15 c.c. of ahsolute alcohol as long as a colour is imparted to the 
alcohol. The alcoholic liquids are then mixed, filtered, the 
filter washed with alcohol, and the filtrate evaporated at a tem- 
perature not exceeding 35° C. The sjTupy residues bo obtained— 
viz. the one from the plain and the one fi-om the acidified 
spirit— are diluted with a small quantity of water, filtered, the 
filters washed with water, and the filtrates mixed. These should 
together measure from 15 to 20 c.c. ; this Uquid will contain 
the whole of the alkaloids, and 
will be fi-ee from alhumenoids, 
the latter having been coagu- 
lated during the temporary 
raising of the alcoholic liquids to 
70". This faintly acid aqueous 
liquid is transferred to a small 
separating Funnel and twice its 
volume of washed ether added 
to it ; the whole is then mixed 
by gentle agitation, care being 
taken not to emulsify the mix- 
ture by violent agitation. The 
ether is then allowed to separate. 
and the liquid below it is n 
moved by means of the tap i 
the separating funnel (fig. 18) I 
into another separating fuunel, 
in which it is again agitated 
with a fresh quantity of ether. The liquid settling to the 
bottom is again withdrawn from the ether, and the operation 
of extraction with ether continued tilt a few drops of the 
ether on evaporation leave no residue; as a rule, tour or 
five extractions suffice. This agitation of the faintly acid 
aqueous liquid witli ether is to remove any fatty acids or oily 
matters that may be present, the alkaloidal salt or salts not 
being removed by agitation w-ith ether. The ethereal solutions, 
before they are removed from the separating funnels, are suc- 




Fin. 18.— Sbpabatdio Fi 
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cessively washed by \'igorous shaking with 6 c.c. of water, I 
which a few drops of dilute sulphuric acid have been added 
this acidified water should be kept. This precaution is nece 
sary, as some of the salts of the alkaloids are slightly solubl 
in ether, but by this expedient such traces are removed froi 
the etliereal washings. 

The acid aqueous solution and the water acidulated wit 
sulphuric acid with which the ether has been washed ai 
mixed, rendered alkaline with sodium carbonate, and then e: 
haustcd by agitation with, firstly, twice their volume of a mi: 
ture of oue volume of chloroform and three volumes of ethe 
and subsequently with ether alone three or four times. Thes 
successive ethereal extracts are together put into a separatii 
funnel, and are first washed by shaking w^th 5 c.c. of wate 
which on falling to the bottom is drawn off, and next shake 
with 10 c.c. of water acidulated with sulphuric acid, tt 
acid liquid being drawn off on septu'ation, and lastly with 5 cj 
of water alone. By the alkalisation with sodium car1)onat< 
the alkaloids are liberated from their salts, and then on agitatio 
with the chloroform ether and ether they are dissolved bv thes 
solvents. The subsequent agitation with water acidulate wit 
sulphuric acid converts them into sulphates, which, being in 
soluble in ether and chloroform, are removed in the acidifie 
\ water, whilst at the same time impurities are left behind in th 

1 ether. The acid liquid and the final water-washing are thei 

mixed, washed once or twice with a little ether, the ether re 
moved, and the liquid realkalised with sodium carbonate 
and well re-extracted with chloroform ether and ether. Thes( 
ethereal solutions are removed by means of a separating funnel 
and are washed with water rendered faintly alkaUne with 
sodium carbonate. The ethereal solution is filtered througb 
a dry filter, evaporated to dryness at a temperature a httle 
below 35°C. in a glass basin, then dried for a few minutes 
at lOO^C, and, after cooling over sulphuric acid, weighed ; the 
weight will represent that of the alkaloids. Before evaporating 
the bulk of the solution, it is well to evaporate a few c.c. only, 
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r and notice if an oily odorous residue be left, which would 
indicate the presence of a. volatile alkaloid, such as nicotine or 

I Conine, in which case the evaporation must be modified by 

[ mixing the chloroform ether extract with sufficient ether, pre- 
viously acidulated by agitation with strong hydrochloric acid, 
s necessary to render it acid ; the free alkaloids will thus 
e converted into their non-volatile hydrochlorides, which on 

i evaporation of the chloroform ether are left and can then bo 
weighed. 

If a sohd free alkaloid has been obtained, before applying 
the tests it should be converted into a hydrochloride by mois- 
tening it with a very slight excess of very dilute hydrochloric 
acid, and then evaporating to dryness in a vacuum over sul- 
phuric acid. The dried residue muy then be dissolved in water 
and the various tests for alkaloids apphed to it. Of all the 
various alkaloids, morphine is the only one that would not be 
capable of extractioo, except in verj' minute amounts, by this 
process. To obtain morphine, the first alkalised solution from 
which the other alkaloids have been removed must be 
re-extracted a tew times with a washed mixture of eijual 
volumes of acetic ether and ordinary ether, in which mixture 
morphine is soluble. The mixed acetic ether and ordinary 
ether extract is then washed with a little water, filtered through 
a dry filter, and evaporated in the manner previously described. 
The residue can then be examined for morphine. In place of 
mixed acetic ether and other, hot ,amyl alcohol may be employed 
for the extraction of morphine, but amy] aleohol is an extremely 
unpleasant substance to work with, and the acetic ether and 
ether mixture is preferable. 

Dragendortf has devised a method of separating mixed alka- 
loids in aqueous solution by using different solvents in sequence, 
one solvent taking up certain alkaloids, another solvent tak- 
ing up others. Dragendorff's process consists in shaking the 
acid aqueous solution containing the mixed alkaloids succes- 
sively with petroleum spirit, benzene, and chloroform, then 
alkalising it, and repeating the operation with the same solvents, 

VOL. I. s 
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The substances of toxicological interest that may be so aepuitc 
are the following : — Fi-om the acid solution benzene remon 
caffeine, colchicine, santonin, digitalin, andcantharidin. CWotk 
form removes papaverine, narceine, and picrotoxine. On rei 
dering the solution alkaline with ammonia, petroleum spit 
removes strychnine, brucine, veratrine, aconitine, emetioi 
Conine, nicotine, lol)eline, and aniline. Benzene further n 
moves atropine, hyoscyamine, physostigniine, codeine, narcotini 
and additional quantities of strychnine, brucine, aconitine, ven 
trine, and emetine. (7z/oro/o//// removes from alkaline sol utio 
some moq)hine, and additional quantities of narceine an 
papaverine. Amyl alcohol finally removes from olkaliE 
solution some moi^phine, and additional quantities of narceine 

Opium and Morphine 

Opium is tlie inspissated or naturally dried juice obtaine 
by making incisions into the um-ipe capsules of the Pa part 
somnifcnim (Nat. Ord. Papaveracea?), the opium poppy (Plate I. 
A spiral incision is generally made into the unripe poppy cai 
sule wliile it is on the stalk, the incision not being alloive 
to peneti-ate into the interior, as, in such a case, the juic 
would run inside and be lost. The juice, after it has exude 
and partially dried, is scraped off, and is then allowed t 
fuither dry by exposure to the sun ; the partially drie 
portions are mixed together into lumps which constitut 
the opium of comnunce. Several alkaloids are present i] 
opium, of which the most important are morphine, codeine 
narcotine, narceine, paj)aveiine, and thebaine. Of these, mor 
pliine is by far the most important alkaloid, and the one t< 
which opium mainly owes its toxic properties. Morphint 
exists in o})iuTn partly as a suli)hate. and partly as a meconate 
From tlu? medico-legal point of view, morphine and nieconic 
acid are the two important coTistituents of opium, since, in tin 
analytical detection of o})ium in cases of suspected poisonini^ 
the analysis is narrowed down to the discover}'' and identifica- 
tion of these two bodies. As meconic acid is not met with is 
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any other substance but opium, the detection of it is generally 
considered to furnish suflficient indication of the presence of 
opium. Good opium should contain not under ten per cent, of 
morphine. 

Acute Poisoning by Opium or Morphine 

Symptoms. — These usually commence from half an hour to 
an hour after taking the poison, if taken by the mouth, but may 
come on much sooner if the morphine be injected hypoder- 
mically. The symptoms generally are— (i) A short period of 
pleasurable mental excitement, accompanied by a flushed 
face and increased brilliancy of the eyes. This stage occurs 
from a few minutes to half an hour after taking the poison, and 
is due to excitation of the cortex of the brain, (ii) Symptoms 
of cerebral depression next supei^vene ; these are depression 
and lassitude, headache, or a feeling of oppression in the head, 
drowsiness, stupor, and complete insensibihty, which may pass 
on to coma, accompanied by stertorous breathing. Previous to 
the advent of complete insensibility, the patient can be roused 
for a short time by a loud noise, but speedily relapses into a 
state of stupor ; when, however, the comatose stage is reached, 
the patient is incapable of being roused by any noise, (iii) The 
respiration is at first hurried, afterwards it becomes laboured 
and irregular, and in the comatose stage it is stertorous. If 
a fatal termination be approaching, the breathing may become 
more embarrassed, and may assume the Cheyne-Stokes type, 
(iv) The skin is cold and moist, as opium and morphine arrest 
all secretions except that of the skin, the latter being generally 
excessive. There is a general relaxation of the muscular 
system, (v) The pupils are in the early stages contracted, and 
are insensible to light. In the last stage of opium or moi'phine 
poisoning they may be dilated, and also insensible to light ; this 
dilatation of the pupils is generally a fatal sign, being indicative 
of a widespread muscular paralysis, (vi) Vomiting, and even 
purging, may very occasionally occur, but as a rule constipa- 
tion results from opium poisoning. It is a favourable sign if 

s2 
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vomiting take phice before the occurrence of stupor. (\-ii) 
odour of opium may l)e noticeable iii the breath, if opium oi 
of its preparations, such as the tincture, liquid extract, Ac 
been taken. In cases of ^loisoning by morphine and its s 
no such odour would be present. 

Very occasionally symptoms of an exceptional chan 
occur. These are a quickened pulse, spasms or convuLsioo 
a tetanic character, and dilatation of the pupils in the ea 
stage : or very rarely hyperpyrexia is produced, as occurre 
a case described by McNicol and Angus,' in which a n 
aged twenty, took ten drachms of tincture of opium contaii 
not less than foi-ty grains of opium. Fourteen hours later 
temperature rose to 109°, and he died of cardiac failure broi 
on ])y the liypei*pyrexia. 

The signs that are indicative of an approaching f 
termination in cases of poisoning by opium or morphine 
an extremely feeble pulse, dilated pupils unaffected by lii 
general muscular relaxation, as indicated by dropping of 
limbs, wrist-drop, falling of the lower jaw, and relaxation of 
spliincters (including the sphincter iridis). Fi-equently per* 
have recovered from the severe symptoms of opium or ii 
phine poisoning. aTid then after several hours have had relaps 
with coma and fatal terminations. The same has ver^"- occasi 
ally liappened even after an interval of days. 

lIa?morrhage into the pons varolii has been mistaken 
opium poisoning, on account of the conjunction of insensibi) 
with contracted pupils. Carbolic acid poisoning has occa$i< 
ally been mistaken for opium poisoning, as the pupils ai^e c< 
tracted, and there is generally coma and stei*torous bi-eathii 
In most cases, however, the odour of carbolic acid in the breu 
would prevent such a mistake in diagnosis. 

Treatment and antidotes.- If the poison has been swallows 
tlie stomach-pump or stomach-tube should be employed, ai 
the stomach well washed out. If neither of these be procurab 
vomiting should be promoted either l)y giving an emetic 

» hrxL Med, Join,, 1898. 
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mustard and water, or l>y hj'podermic injection of oiie-tentli o[ 
a grain of aponioi-phine. or by tickling the ftuict'S. Strorif; hot 
coffee should l)o freely atl ministered, and the faradic curreTit 
may he usefully employed, by means of the wire brush if poM- 
sihle. The squirting of auiall quantities of cold water at inter- 
vals on to the lips and nostrils by means of a HtgKinson's or 
other syTinge ia a useful methotl of rausing the patient, but 
copious cold water douches are Iretter avoided, aa tending to 
render the surface too cold, and so adding to the collapse. The 
walking about of the patient, while fi'om lime to time he is 
shouted at and shaken, is not to be recommended, although it 
ia advised in many text-books; such treatment has a great ten- 
dency to exhaust the vital powers. The dragging aboiil of a 
patient in a comatose condition is worse than useless. IE deeply 
comatose, artificial respiration should be resorted to, and fara- 
disation of the phrenics iimy also be employed. Smelling salts 
should be held to the nostrils from time to time. Merry ' 
recommends the inhalation of oxygen in opium poisoning when 
accompanied by intense cyanosis, dyspnoea, and a flagging 
pulse ; the inhalation should be continued for twenty minutes, 
and repeated, if necessary, at intert'als of half an houi'. As an 
antidote four minims (one twenty-fifth of a grain) of solution 
of atrophine sulphate should l>e hypodermic ally injected, and 
the dose repeated until half a grain has been given. 

For many years there has been nnich speculation as to 
whether atropine is a physiological antidote to morphine. 
Certainly their physiological actions are in nearly all cases 
opposite, for morphine contracts the pupil of the eye, atropine 
dilates it; morphine produces diaphoresis, atropine arrests the 
atition of the sweat glands ; morphine mostly constipates, atro- 
pine has the opposite effect ; morphine may produce reten- 
tion of urine, atropine the opposite effect; irritation of the 
wkin, which ia sometimes pi-oduced by morphine, is prevented 
by atropine. In oases of heart disease with engorged pul- 
monarj' circulation morphine is badly home, whereas the 
' Th* Lanctl. lB9i 
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addition of a small quantity of atropine does away with uy 
disadvantages. But whether atropine is a physiological antidctt 
to nioi-phinc or not, it is certainly a valuable and powoM 
stimulant to the respiratory centre, and undoubtedly it hu 
proved of great value in many cases of poisoning by opium a 
morphine. It should be given in repeated doses, as mentioiid 
above, until luilf a grain has been administered. Cnisc' 
describes the case of an infant a week old who was accidentillv 

• 

poisoned by a grain of morphine. The comatose conditiiK 
that resulted remained unaffected by various treatments fa 
several hours until a quarter of a grain of atropine wasadminis 
tered and the dose repeated at an inter\'al of half an houi 
Recovery was complete in thirty-six hours, and no unpleastn 
symptoms attended the administration of such large doses o 
atropine. Atropine, however, has a tendency to be dangerou 
at one stage of opium poisoning, and perhaps strychnine is i 
safer antidote to employ, as it tends to avert the paralvsii^ 
action of narcotic poisons generally on the respiratoiT centn 
It is especially indicated w^here irregularity or interruption c 
breathing appears to threaten failure of the respiratory centn 
Strychnine should be administered subcutaneouslv in doses c 
iTM. to 7i\, of a grain (one to two minims of liquor strychnim 
according to the age of the patient, the dose being repeated i 
intervals of an hour two or three times. If respiration fai 
artificial res])iration must ])e resorted to, and if the circulatio 
tbieaten to fail, inhalations of nitrite of amyl must be givei 
Picrotoxine lias l)een reconnnended by Bokai ' as an antidol 
for moi'phine, on the grounds that it exerts a powerful stimi 
lating effect on the respiratory centre, and also that it isapowerfi 
stimulant to the vaso- motor centre, whereas morphine may pn 
duce such rapid reduction in blood-pressure as to endanger lifi 
Post-mortem appearances. -W'itli the exception of the sme 
of opium, wliich may be detected (although it is not necessanl 
present in cases of opium poisoning) in the contents of th 
stomach or intestines, there are no characteristic post-mortei 
' Archil', fUr Kitiderheilk, 1893. - Intemat. Klin, Rundschau, I881 



onUM AND MOfiPffWE 263 

sigus of opium or morpliine poisoning. Con^^stion of the 
e!fl of the bruin and its membranes is frequently seen, 
and there may l>e fluid in the venti-icles of the brain. Hyper- 
a of llie lungs, such as would be produced by dentli from 
asphyxia, may or may not be present. 

Fatal doie of opium.— The smallest dose that has proved 
fB.tH,l in the case of an adult wa.s a quantity of extract of 
opium, equivalent to four gi'ains of opium. Two fluid drachms 
of the tincture have also proved fatal — a quantity which woidd 
contain about eight grains of opium. Disease of the kidneys 
predisposes to the fatal effect of opium, so that in the case of 
a person suffering from kidney disease a much smaller dose 
than that mentioned above might prove fatal. The author 
has seen a case in which fifteen luinims of the tincture 
of opium, containing one grain of opium, proved fatal to an 
adult suffering from Bright's disease. On the other hand, 
recovei-y has taken place after three ounces of the tincture, 
containing ninety-nine grains of opium, had been taken ' ; and, 
in a case recorded by Boustead,' recovery took place after 
eight ounces of laudanum hail been swallowed by a woman. 
It is important, however, to bear in mind that infants and 
children are peculiarly susceptible to the effects of opium, and 
very small quantities may produce In them fatal results. Taylor 
and Stevenson record the following cases : — 

1. A child, aged nine months, was killed by four miaims of 
laudanum (equal to a quarter of a grain of opium). 

2. An infant, five days old, was killed by two minims of 
laudanum (equal to one-eighth of a grain of opium), 

3. An infant, seven days old. was killed by one minim of 
laudauum (equal tq one-sixteenth of a grain of opium). 

4. An infant, fom' weeks old, was killed by a dose of pare- 
goric containing one-ninetieth of a grain of opium. 

The latter is the smallest dose of opium on record that has 
proved fatal, but there is some ground for doubt as to whether 
so extremely minute a dose could produce a lethal result. On 

I Dublin Jour, of ilrd. Science, 1832. ' The Lanrel, 1873. 
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the other hand, recoveries have taken place after infants and 
children have swallowed much larger doses of opium, especially 
if vomiting has occurred, or has been induced soon after the 
taking of the poison, and if artificial respiration has been resorted 
to, and, if necessary, kept up for some time. For instance, an 
infant, six days old, after swallowing a powder containing a grain 
and a half of opium, recovered after artificial respiration had 
been kept up for three hours. In another case an infant, three 
months old, recovered after swallowing a teaspoonful of lauda- 
num, vomiting occurring shortly after it was swallowed. Morgan * 
treated an infant, aged one month, to whom three drops of 
laudanum had been administered; artificial respiration was 
kept up almost constantly for three hours, and recovery finally 
took place after forty-five hours. Among adults, recovery has 
constantly taken place after very large doses, such as several 
ounces of the tincture of opium or laudanum, have been taken. 
The external application of opium, especially to an open 
sore or abraded surface, has caused death, the occurrence 
being more common in infants. Christison mentions a case 
in which a laudanum poultice applied to the abdomen of an 
infant produced fatal narcotism after some hours, and at the 
post-mortem examination a strong smell of opium was noticed 
within the body. 

0\num hahit. — As is well known, the human system can 
rapidly acquire a remarkable tolerance for large doses of opium ; 
this was shown in the case of l)e Quincey, who brought himself 
to the daily use of nine ounces of laudanum, which is equiva- 
lent to about 360 gi*ains of opium. 

Fatal period. — The shortest time in which opium has pro- 
duced a fatal result is three-quarters of an hour. The usual 
period is from six to twelve hours ; the longest fatal period that 
has been recorded is twenty-four hours. 

Preparations containing opium. — Laudanum, or tincture of 
opium, contains one gi-ain of opium in fifteen minims, or nearly 
thirty-three giains of opium in one fluid ounce, which is equi- 

' Brit. Med. Jour., 1888. 
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valent to about 3'3 gi-aina of morphine in the fluid ounce, 
Piirp'jorU; or compoiinil tincture of cyiHiphor, contains one gi-ftin 
of opium in half a fluid ounce. Dofcr's poti'iler, or the com- 
pound powder of ipecacuanha, contains one grain of opium in 
ten of the powder. Chlorodtiiie contains about four {grains of 
moritbiiie in one fluid ounce, and, in addition, chloroform and 
hydrocyanic acid are present. Syrup of pappws is, if properly 
prepared, a decoction of the poppy capsules sweetened with 
sugar ; as sold, it frequently consists of simple sj-rup, to which 
a. variable amount of laudanum has been added. Taylor and 
Stevenson mention two fatal cases from the use of syrup of 
poppies, one in which an infant, five weeks old, was killed 
liy three-quarters of a teaspoonful of the syrup, and another 
in which a child, eighteen week.s old, died from the effects 
of a teaspoonful ; it is always a most uncertain preparation 
as regards its strength. Baitlty's soliidim, or sedative solution 
of opium, is an aqueous solution of opium, to which a little 
spii-it has been added. It is generuUj' considei-ed to be stronger 
than the tincture of opium ; twenty drops of it have proved 
fatal to an old woman, and a drachm and a half of it 
proved fatal on one occasion to a lunatic (age not mentioned). 
Godfrey's cordial is a mixture of tincture of opium, infusion of 
sassafras, and traacle ; half a teaspoonful of it is said to have 
caused the death of an infant. Nepenthe is an alcohohc solution 
of meconate 0/ morphine, and is of about the same strength as 
laudanum. Black drop is essentially an acetic acid solution of 
tbe constituents of opium, and is usually considered to be aliout 
four times as strong as laudanum. The original process of 
making it consisted in extracting opium with verjuice— the juice 
of the wild crab. Winslvw'x sootkini/ syrup is said to contain 
nearly one grain of morphine, with other opium alkaloids, in an 
ounce (' Pharm. Jotu-.' June ltt72, p. 975), 

MOBTHINE AND ITS SaLTB 

The symptoms of morphine poisoning are the same as those 
of opium, but conMilsions are more common than in connection 
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with opium poisoning , occasionally these convulsions are i 
tetanic chanicter, and might at first suggest the presence 
strychnine. Death from tlie h\-poderniic injection of morpli 
is now of very connnon occun-ence, and, when so adniinistei 
it is more speedy in its action tlian when the drug is tal 
mternally. Moi-phine has proved fatal after being sprinkled 
an open soi'e. 

ElimimiiHm of vwrphine.—^lor^hine is eliminated to a gi 
extent hy the howels, to a lesser extent by the kidneys, and 
a still sligliter extent hy the saliva. Tauber * gave a dogfrequ 
hy})oderniic injections of moqjhine in small doses, and fr 
the animal's faeces he recovered 41*3 per cent, of the injec 
moii)hine. Alt^ made a series of experiments as to the exc 
tion hy the stomach of morphine injected subcutaneous] v. ] 
experimcMits sliowed that after hypodermic injections of morph 
the diiig is largely excreted hy the stomach, that this excret 
hegins })ercej)tihly two minutes and a quarter after injection, t 
sisls distinctly for half an hour, and gi'adually ceases within 
hour. After hypodermic injection of nioiphine, vomiting n 
hegin wlien the morpliine is heing excreted by the stomach, u 
it is avoided hy washing out the stomach. The quantity 
mor})hine tlius excreted hy the stomach after subcutane< 
injection may he estimated at half the amount inject 
Symptoms of poisoning after sul)cutaneou8 injection of nr 
phine are decidedly ameliorated hy continued washing out 
the stoniacli, l)y wliich means doses which would otherwise 
fatal can l)e toh^iated without injuiy. Dixon Mann examin 
tlie (»xcr(aions of patients after taking large medicinal doses 
moi-j)hine, and found that the alkaloid could always be detect 
in the fjeces. and occasionally in the urine. Rosenthal ' detect 
morphine in the saliva of ))atients after hypodermic injection 
the reactions ccnild not always he obtained immediate! v, son 
times not until the third or fourth day after injection : t 

' Archiv.filre.rpt. Patholoifie, 1890. 
- Berliner Klin. Wochenschr,, 1889. 
' 1/ Union Mi\licuh\\H\)X 
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reaction sometimes pei'sisted for several days, from which he 
interred thiit the morphine probably, to some extent, accumu- 
lated in the syatem. This ehminntion of the moi"phine by the 
aaliva has no connection «-ith the similar function exercised 
hy the stomach ; Rosenthal found by experimenting on indi- 
viduals who were instructed not to swallow their saliva, that 
after a short period morphine could be detected in the gastric 
juices of such individuals. 

Dfcovtposition of morphine in the system. — The question as 
to whether morphine imdergoes decomposition in the organism 
is undecided. Lamal ' considers that morphine is sometimes 
entirely, sometimes partially, converted into oxydimorphine, 
which may be eliminated in the urine. Tauber,' on the other 
hand, after adding a solution of morphine to blood, and circu- 
lating the mixture through the livers and kidneys of recently- 
slaughtered pigs, found that the morphine could he recovered 
entirely unaltered, and hence he concluded that it suffers no 
change in the body, and is therefore excreted unchanged. The 
objection to these experiments is that the circulation of the 
morphine in the blood through the livers and kidneys of dead 
animals is not comparable with its circulation through the 
viscera of living animals. 

Fatal doM. — The smallest dose of a moi-phine salt that has 
proved fatal to an adult ^ is half a giain of the acetate of mor- 
phine, which proved fatal in from six to seven hours after it had 
been taken hy the mouth. Heese mentions a case where tlyee- 
quarters of a grain, administered hypodermieally, proved fatal 
to a gentleman within twenty-four hours. One gi-ain of mor- 
phine or of its salts has caused deatli on several occasions. 
The smallest dose of morphine that has killed an infant is one- 
twelftli of a grain of the hydrochloride of morphine.' On tlie 
Other hand, recovei-y has taken place after very large doses of 
morphine, where effective treatment has been employed; thus 

' Jour. Pkarm. Chem., 1PH!>. ' Archiv./UT txpt. FalholojU. ISftO. 
' The Lajxcel. 1H3H. ' Tujlor ami SteveOBon-B iU-d. JurUpr.. • 
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recovery has taken place after thirty, thirty-six, fifty-one, 
and seventy-five ' grains respectively of a morphine salt have 
been swallowed. Pope* records a case of recovery after 
the h}^odermic injection of twelve grains of morphine; the 
patient w^as a girl, aged nineteen, and the dangerous sym- 
ptoms lasted for thirty-six hom-s ; the treatment consisted in 
the administration of fom* grains of atropine in ^^^-grain 
doses at short intervals during twelve hours, artificial respira- 
tion, coffee, and the employment of various methods to rouse 
the patient. 

Disease of the kidneys, especially the contracted granular 
form, predisposes to the fatal effect of morphine, and small 
doses which might be borne w4th impunity by a healthy person 
might in the case of an individual suffering from cirrhotic kidney 
prove fatal. 

Chronic Poisoning by Opium and Morphine 

The opium or morphine habit is one which, unfortunately, 
has become of late years veiy common. In many cases the 
hal)it has been acquired from the original use of opium or 
morphine for the relief of pain, and especially the employment 
of morphine by hypodermic injection has been acquired as a 
habit on account of the ease and rapidity with which the system 
is brought under the influence of the drug. The use of the 
drug produces an agi'eeable sensation at first, which, however, 
is followed by depression, to counteract which another, and 
generally an increased, dose is taken, and so the habit be- 
comes acquired. Not only does the opium or morphine 
hal)it produce grave physical ill-effects as shown by dyspepsia, 
emaciation, intestinal troubles, and nervous symptoms which 
may resemble those of peiipheral neuritis, but in addition moral 
degi'adation results, and the opium-eater or morphio- maniac 
will resort to all kinds of deception and lying in order to obtain 
the material to satisfy his desires. Enormous doses of opium 

' Am, Jour. Med. Sci., 1862. ^ xhe Lancet, 1894. 
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OX morphine are consumed bj llioae addicted to the hahit. Ah 
previously mentioned, De Quiiicey hud accustomed himself to 
take daily nine ouaces of laudanum, equivalent to about 360 
graina of opium, und forty' groins of morphine acetatu have 
been injected diiily for months. The only effective Ireatment 
is to stop the use of the drug at once, and for this purpose 
restraint of the individual may occasionally be necessary. If 
the sudden removal of the drug cause dangerous collapse, the 
rapid withdrawal of il in from six to twelve days may be 
employed. 

AnalyBia and teats.— For the method of exti-acting morphine 
from organic niixLuri;a see p. 257. The best solvent for the 
extraction of inoi'phine is a mixture of equal parts of acetic 
ether and ether. As crystalline morphine is much less soluble 
in this solvent than freshly precipitated amorphous morphine, 
the mixture of acetic other and ether should be poured upon 
the acid solution containing the morphine, and bicarbonate of 
soda solution added so as to produce allcalinity, after which the 
mixture is immediately well shaken. In this way the morphine, 
set free by the sodium bicarbonate, has no time to assume 
a crystaUine condition before it is dissolved by the acetic ether 
and ether mixture. 

I. If a drop or two of strong nitric acid be added to mor- 
phine in the solid state, an orange-red colour is produced, 
Thiscoloui' remains unchanged on addition of stannous chloride, 
thus distinguishing it from the blood-red colour produced by 
the action of nitric acid on bi-ucine (see p. 2lib). 

II. Sulphomolybdic acid (Frohde's reagent), when rubbed 
with a small quantity of di-y morphine, produces a violet or 
pui-ple colour, changing to green and finally to sapphii-e-blue ; 
this test is an extremely delicate one. It is the initial colour 
change — viz. the vioiet orpurple colour — that is the chai'acteristic 
one, the final change to blue being produced by several other 
bodies when brought in contact with sulphomolybdic acid. 



' Bra. Mrd. Jour 
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Tlic sulphomolylxlic acid reagent is prepared by dissol 
with heat, six grains of ammonium molybdate or molvbdicc 
in two fluid drachms of strong sulphuric acid ; the rea 
should he prepared fresh, as it deteriorates by keeping. 

III. If ferric chloride solution be added to a neutral soli 
of a niorpliine salt, a bluish-gi'een colouration is prodi 
This colour is due to the reduction of soiue of the ferric chl< 
to the ferrous state, and therefore on the subsequent add 
of potassium femcyanide a deep blue colouration is prodi 
This is a delicate test for moqjhine, in the absence of c 
suhstances which might reduce the ferric chloride. Accor 
to Armitage, one part of the morphine salt in 100,000 will 
this reaction after standing a few minutes. It should be b 
in mind tliat ferric cliloride added to morphine meco 
j)r(;duces a deep red colouration, the blood-i-ed colour of 
ferric meconate completely masking the bluish colour prodi 
hy tli:) action of tlie ferric salt on the morphine. 

IV. If to morphine some strong sulphuric acid l>e ad 
and tlien a small crystal of potassium bichromate stirred i 
green colouration is produced. 

V. Morphine liherates the iodine from iodic acid, but s; 
all)ui:iin()id and other organic hodies also do the same 
reaction is not an ahsolute proof of the presence of morph 
hut may he used as a conlirmatory test. If to the solutioi 
nii^ipliine, solution of iodic acid be added, a yellow or brc 
colour is produced ; this brown colour is increased bv add 
anmionia. A delicate method of employing the iodic acid i 
is to convert morphine into a neutral salt with hydrochK 
acid, and with a little of the solution mix a minute quantity 
starch paste, and then evaporate to dryness at a gentle heat 
a small porcelain dish ; when the residue has cooled, a dror 
a solution of one part of iodic acid in fifteen of water is add 
when a hlue colour will he develoi)ed if onlv the .,.»\^v o 
grain of morphine he present. 

VI. Iodised hydriodic acid gives with veiT dilute solutic 
of morphine salts a dark red precipitate. A somewhat sinii 
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precipitate is given by many othei' alkaloids, so thul tiii» reaction 
is only of use as a negative test. If a neutral solution yield 
no precipitate with this reagent, morphine is not present. 



Detection ok Opil-m 



The search for opium in organic niixiures is confined to the 
detection of morphine and meconic acid. The organic contents 
of the stomach, or any of the viscera, should be carefully amelt 
in order to ascertain if the odour of opium l»e perceptible. The 
solid contents of the stomach, or any viacus, should be cut into 
Bmall pieces and reduced to a pulp by pounding in a mortar, or, 
if the matter be liquid, it should be evaporated to an extract. 
To the semi-sohd matter rectified spirit acidulated with acetic 
acid is added, and the mixture digested for twenty-four hoiurs at 
a temperature not exceeding 35°C. When cold, the mixture 
should be filtered thi'ough fine cambric, and the solid residue 
welt washed with strong alcohol. The alcoholic liquid should 
be evaporated at a temperature not exceeding 35° C. to dry- 
ness, and the residue digested in absolute alcohol, which is 
then filtered and the filtrate evaporated to dryness. The dry 
residue is shaken up with warm water, filtered, and lead ace- 
tate added until a precipitate ceases to tall ; the pi'ecipitate, 
which contains meconate of lead, is collected on a filter, whilst 
the filtrate will contain the morphine as morphine acetate. The 
precipitate of meconate of lead, after being washed, should lie 
suspended in a small quantity of water, and decomposed by 
passing sulphuretted hydi'ogen through the mixture ; this pre- 
cipitates the lead as lead sulphide, and meconic acid itj left in 
solution. The blackened mixture is then warmed to expel 
excess of sulphuretted hydrogen, filtered, the filtrate evaporated 
to drjTiesB. and the residue tested for meconic acid. The test 
for meconic acid is that ferric chloride gi/es a deep blood- 
red colour of ferric meconate, which colour is not discharged 
on the addition of solution of mercuric chloride ; whereas J 
the corresponding blood-red colour of ferric sulphocyanide iftl 
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<li.scharged hy that reagent. The blood-red colour of ferric 
rneconate is not discharged by the addition of dilute hydro- 
chloric acid, whereas the red colour of ferric acetate is. The 
distinction of ferric rneconate from ferric sulphocyanide is im- 
jx^ilant, since small quantities of sulphocyanides are generally 
present in the contents of the stomach, partly due to swallowed 
saliva, wliich contains a minute quantity of potassium sulpho- 
cyanide, and partly due to the consumption of mustard, which 
contains a sulphocyanide. The filtrate from the lead rneconate 
piecipitate can l)e examined for morphine by remoriug excess 
of lead l)y means of sulphuretted hydrogen, filtering, evaporating 
to dryness at a low temperature, and then extracting morphine 
from the residue by the acetic ether and ether process (see 
p. 257). 

Codeine 

This alkaloid of opium possesses somewhat similar properties 
to those of moiphine, but it is less powerful in its effects. 
Walsh ' describes a case of poisoning by cough linctus contain- 
ing codeine, in which about eight grains of the alkaloid were 
taken for suicidal puiposes l)y a man suffering from phthisis. 
A (juaiter of an hour after taking the poison, emetics were 
administered and a (quantity of the poison was vomited up. 
I'lie pu])ils were contracted and did not react to light, the 
puls(i was full and bounding, and the patient complained of 
confused feeling in the head. There was general itching of 
the skin, which recurred on tlie second day. The most note- 
wortliy symptom was the intense irritation of the sensory 
nerve-endings. 13y the second day the patient had completely 
recovered. 

' Brit. Med. Jour., 1869. 
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CHAPTER XVI 

Poisoning by strychnine — Distinction between strychnine convulsions and 
the convulsions of tetanus —Vermin -killers containing strychnine — 
Poisoning by brucine--Nux vomica. 

Nux Vomica and Strychnine 

Nux VOMICA seeds owe their poisonous properties mainly to 
strychnine, and to a lesser extent to brucine. Both these 
alkaloids are contained in the seeds of the Stnjchtios Nux 
Vomica (Nat. Ord. Loganiaceae), in combination with igasuric 
and lactic acids. Strychnine and brucine are also contained 
in the seeds of Strychnos L/natii, commonly called Saint 
Ignatius* Beans. The bark of the Strychnos Nux Vomica 
contains strychnine and brucine ; it is sometimes known as 
* false angustura bark.' 

The smallest fatal dose of nux vomica is tlikty grains, 
about the weight of one seed ; three grains of the alcoholic 
extract have proved fatal. The symptoms and treatment of 
poisoning by nux vomica are similar to those described in 
connection with strychnine. 

Str^-chnine is very slightly soluble in cold water ; one part 
dissolves in about 8,300, but in boiling water one part dissolves 
in 2,500. It is much more soluble in spirit, and is very soluble 
in chloroform, and in a mixture of equal parts of chloroform 
and ether. It is a ver}- bitter substance, one part in 70,000 of 
water giving a perceptibly bitter taste. Strychnine is a very 
stable body, and withstands prolonged contact with strong 
sulphm-ic acid at the temperature of the wat€r-bath. If strych- 
nine be present in viscera, it remains unchanged during the 
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putrefactive processes that bring about the decomposition of 
the viscera. Wolflf found ^tr^'chnine in an exhumed corpse 
322 days after death. Prescott found strychnine in the stomach, 
hver, and intestines, in a body exhumed one year and three days 
after death. Allen kept in a jar for six years a portion of the 
stomach and liver of a person who died from strychnine poisoning ; 
in the dry residue left in tlie jar at the end of that time abun- 
dance of strychnine was detected. Richter found strychnine at 
the end of eleven years in putrid tissues exposed for that time 
in open vessels. 

Symptoms. — In poisoning by str^xhnine the symptoms 
appear on an average in from five to twenty minutes. This 
represents the usual time of commencement of symptoms if 
strychnine be taken in solution or in some readily absorbable 
form ; but if taken in the solid form, such as in pills, and 
especially in hard and compact pills, a much longer interval 
may elapse })efore the symptoms commence. Taylor relates a 
case of a boy, aged twelve, who sw^allowed a pill containing 
three grains of str^xhnine ; no symptoms appeared for three 
hours, at the end of which time they set in and death took place 
in ten minutes. The pill had been prepared with mucilage 
eight months previously, and, therefore, w'as very hard and 
only capable of undergoing slow solution in the stomach. In 
the celebrated Palmer case. Cook had administered to him two 
pills, presumably containing strychnine, and no symptoms 
were observed for an hour and a quarter. Cooke ^ relates 
a case of a man who had taken strychnine together with 
alcohol. The stomach-pump was employed half an hour 
later, the fluid then withdrawn emitting a strong odour of 
alcohol. One hour and a quarter after taking the poison the 
symptoms of strychnine poisoning commenced. There may be, 
however, a still further prolongation of the inter\al if a narcotic 
such as opium has been taken simultaneously. Macredy ^ 
reports a case in which a gi'ain and a half of strychnine and 
two ounces of laudanum were taken. Symptoms of strjxhnine 
' The Lancet, 1890. • Ibid. 1882, 
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poisoning did not appear till eight hours later. Wormley ' 
mentions a case in which three grains of strj'chuiue, one 
drachm of opium, and some quinine were taken together ; no 

■mptoms of strychnine poisoning appeared until twelve houra 
psed. On the other hand, cases have been recorded in 
'which symptoms of strychnine poisoning have occurred within 
lour minutes from the time of swallowing the poison. SymptoinB 
slower in making their appearance in connection with 
poisoning by nux vomica. 

Poisonous doses of strychnine produce \-iolent convulsions, 

ith spasm of the respiratory muscles, and consequent death 
from asphyxia and exhaustion. The convulsioue are due to the 
irritant effect of the strychnine upon the motor centres of the 
cord, an enomious increase in the refles excitability of those 
centres resulting from the action of the strychnine. A very 
alight stimulus apphed to the skin is sufficient to produce the 
convulsions reHexly, such, for instance, as a current of air, or 
the touching of the patient. The stiychnine spasms may also 
.be started reflexly by a sound, such as the banging of a door, 
or the pouring out of water, or by the flashing of a bright light. 
During the convulsions, the muscles of respiration remain 
contracted in inspiration, and so give rise to asphyxia. The 
ptoms oE strychnine poisoning are :— (i) A sense of uneasi- 
ness and restlessness, with a feeling of impending suffocation, 
which are the earliest or preinonitorj' symptoms of strychnine 
poisoning, (ii) Shuddering or trembling, with twitchings and 
jerkings of the hnihs and head, {iii) Convulsions, tetanic in 
their chai-acter ; the spasms are at iirst clonic, and then for a 
time become tonic. The following are the peculiarities of the 
strychnine convulsions, (o) Nearly all the muscles are simul- 
taneously affected, (i) The limbs are stretched out involun- 
tarily, the hands arc clenched, anil the soles of the feet bent 
inwards, the legs being somewhat separated, (c) The head is 
bent forcibly backwards and the body becomes arched, the front 
of the body becoming projected, so that the person rests only 
' hiicra-ChtmUtry of PoUant, lfl67. 
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upon the back of the head and the heels, there being a dia 
space between the back of the body and the surface upon v 
it is resting ; this position is known as opisthotonos. I 
very exceptional circumstances the body may become ai 
forwards, that is in the opposite position to that of opistho!« 
or very occasionally the arching mav be sidcwavs. [d) 
muscles of the lower jaw are generally the last affe< 
whereas in tetanus from disease they are amongst the 
muscles alTectf*d. (c) Slight causes bring on the con\Til^ 
sucli as a noise, a draught of air, or gently touching the pa 
(/) There is no unconsciousness during the convulsions 
the intellect is clear ; the patient suffers sevei"ely whil 
spasms last, and has a gi'eat apprehension of death, (iv] 
ey(?l)alls are prominent during the continuance of the sj: 
jind the ))iipils iire dilated; during the interval of relas 
the pupils contract. (y) During the convulsions tht 
cyanosis from spasm of the respiratory muscles amd conse 
non -aeration of the hlood ; after a minute or longer the s 
passes otT, the respiration recommences, and the cyanosi: 
appeals ; at tliis period the patient is generally bathed in s 
The interyals between the convulsive seizures last from 
seconds to live or ten minutes, (vi) Excessive thirst i 
perienced, but tlie endeavour to alleviate this by drii 
fr(»quently produces a convulsion. Vomiting may occur. 

As a rule, within two hours from the coninienceme 
the sym))toms the patient either dies or recovers ; if dea 
supervening, the convulsions rapidly succeed each othe 
creasing in severity, and the ))atient dies asphyxiiited 
exhausted. The mind may eitlier remain clear to the last, 
a strong aj)prehensi(>n of death, or shortly before death 
may he a loss of consciousness. Jn cases of strychnine poist 
the teniperature often rises after death. 

Tlie convulsions of stryehnine i)oisoning have Ix^en mist 
for tlu» convulsions pnulueed by certain diseases. The coi 
sions of tetanus aiv those which are most likely to l>e confoii 
with the convulsions of strychnine poisoning, but they ca 
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very easily distinguished. Of the two varieties of tetanus, 
idiopathic and traumatic, the idiopathic is extremely rare in 
temperate climates, whilst in connection with traumatic tetanus 
a history of a previous injury may generally be obtained, such 
as a lacerated, punctured, or contused w^ound, although it should 
be borne in mind that a verj' trifling wound, such as may be 
inflicted by a splinter or by a rusty nail, may after a lapse of 
several days give rise to tetanus. The symptoms of tetanus 
usually commence from five to fourteen days after the infliction 
of the w^ound, but they may set in earlier or later. In one 
recorded case a negro lacerated his thumb by the fracture of a 
china dish, and was seized almost instantly with convulsions, 
and died with tetanic symptoms in a quarter of an hour. In 
the table on p. 278 will be found the main distinctions between 
strychnine convulsions and those due to tetanus. 

The convulsions produced by strychnine have been oc- 
casionally mistaken for those of epilepsy, but there should be 
no difficulty whatever in distinguishing between tliem. The 
mode of seizure, the loss of consciousness, and the peculiar 
clonic movements of the epileptic fit, are entirely different from 
the convulsions of strj-chnine poisoning. In addition, the deep 
stupor occurring at the end of an epileptic attack presents a 
marked contrast to the complete muscular relaxation, and the 
clearness of intellect, following a strychnine spasm. 

In the case of liaj. v. Thomas Ncill Cream (C.C.C., 1892) a 
witness, who was an unqualified assistant to a medical man, 
stated in his evidence that he had formed the opinion that the 
symptoms, from which a young woman named Matilda Clover 
suffered previous to death, were those due to delirium tremens, 
although from the account given at the trial they were obviously 
caused by strychnine poisoning. It seems scarcely necessary 
to give any details for distinguishing between delirium tremens 
and the effects of strychnine. Stevenson, giving evidence for 
the Crown at the trial, stated ' that in delirium tremens the 
mental faculties are obscured, but in strychnine spasm they are 
very acute, and not at all impaired, except, perhaps, at the last 
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moment of life.' The delirium and hallucinations of d( 
tremens bear no resemblance whatever to the sympU 

strychnine poisoning. 



Convnliioni caaied bj itryclmiiie 

I. The patient would be in iisuul 
state of lu'alth previous to coin- 
ni^necnient of attack ; a fooling 
of geneial uneasiness and rest- 
lessness precedes for only a few 
minutes the sudden outburst of 
convulsions 



ConTolsions o«iia«d by toti 
of diiaaio 



I. 



Soreness and stiffness o 
muscles of the neck and 
for several houn- previoi 
tetanic convulsions, wit 
gradually increasing stil 
of the neck and difficuli 
separating the jaws 



II. 'J'risnius, or lockjaw, is secon- . II. Trismus precedes the ge 
<lary to the spasms affecting the spasms 

muscles of the limbs and trunk 

III. The muscles of the jaw are III. Trismus remains darinc 
relaxed in the intervals between mitigation of the general sp 
the attacks 



[ IV. All the nmscles of the body 
are simultaneously and suddenly 
thrown into spasm, producing 
opisthotonos 



V. Tlu* strychnine paroxysm lasts 
from half a minute to two 
minutes, and is succeeded bv 
conj])lete relaxation of the 
muscles until the next seizure 
occurs 

VI. lieflex excituhility is an early 
symptom 

VII. Kpi[,'uslric ]»aiu is absent 



^III. I)eath usually occurs in 
two or time hours from the 
commencement of the symptcmis 



IV. After the nmscles of the 
and neck are affected, the ri^ 
gradually spreads to the ma 
of other parts of the body. | 
rally to the trunk lirst, and 
to the legs, opisthotonos I 
produced in the great maj 
of cases 

V. The rigidity is generally pel 
nent, or, if a remission ot 
there is no complete disapi 
ance of spasm as in the ii 
mission of strychnine iK>isoi 



VI. Ketlex excitability is a 

symi)tom 

VII. Epigastric pain (probi 
from spasm of the diaphra 
is severe and fro<iuent 

VIII. Death occurs nuieh la 
rarely within twenty-four hoi 
usually delayed for several d 
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Treatment and antidotes. — If possible, the filomiich should 
be emptied ami washed out by means of the stomach-pump 
or tube, or Hti emetic of mustard and water should be given. 
Chloral aud chloroform are the most useful antidotes that can 
be employed in cases of strychnine poisoning. Chloral is best 
administered by hypodermic injectiona of five grains of hydi-ate 
of chloral dissolved in ten minims of water, the injection being 
repeated every ten minutes until the strychnine convulsions 
are subdued. At the same time Jt is advisable to administer 
chloroform in the form of an inhalation to the patient, and to 
continue the administration of it for some time, or as long as 
there is any sign of the renewal oX the convulsions on the 
removal of the chloroform. If the stomach-pump or tube be 
used, a di'achm of hromi<le of potassium dissolved in thi'ee or 
four ounces of water may be passed into the stomach, after 
that organ has beeu washed out, Anrep recommends m'ethan 
as Ijeing superior to chloral hydrate, and advises the adminis- 
tration of one to one and a half drachms if a poisonous dose of 
Btryclmine has been taken. 

Poat-mortem appearancei. If the person has died during a 
■sm, the muscleM m:iy quickly enter into a condition of strong 
ar mortis, which may persist for a somewhat lengthened 
period: but if the person has died exhausted, during a remission 
iterval between the spasms, rigor mortis may not be so well 
marked. As to the duration of rigor mortis there are many 
condtcting statements. In the case of Cook the body was 
found five days after death with rigor mortis more pronounced 
than is usually the case at that period, but in other cases the 
rigidity has been of the usual duration, and has occurred at the 
usual period after death. Internally there are no characteristic 
appearances. In strychnine poisoning there is sometimes 
congestion of the brain and its meninges, and of the spinal cord, 
and occasionally there is congestion of the lungs. The heart is 
contracted and empty, or the right side is distended with liquid 
blood. Maurel,' who has made a series of experimental 
' UiUli-lin de Tli^rajKuHqtm, 1893. 
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researches on the action of poisons on leucocytes, finds that 
the toxic action of strychnine on the animal economy is in the 
ratio of its destructive action on the leucocytes, the death of 
the leucocytes and that of the animal being simultaneous. 
The immediate effect of the poison on the white corpuscles is 
to arrest their spontaneous activity and fix them in the spherical 
state. 

Fatal dose. — The smallest quantity that has caused death 
in an adult is half a grain of the sulphate of strychnine ; a little 
over a grain has frequently proved fatal, so that the fatal dose 
of strychnine for an adult ranges from half a grain to two 
grains. The smallest quantity of strychnine that has ever 
killed is one-sixteenth of a gi'ain, which caused the death of a 
child, aged two and a half years ; on the other hand, recoveries 
have taken place after the swallowing of much larger quan- 
tities than those previously mentioned, provided the patient 
has been fairly promptly treated. Jones ^ records a case of 
recovery from strychnine poisoning, in which the quantity 
swallowed was estimated at six grains. Schauenstein ^ relates 
a case in which from seven to nine grains of strychnine nitrate 
were taken, and the dose followed after about half an hour by 
nine grains of morphine acetate ; subsequently, the individual 
(a would-be suicide) chloroformed himself. Two hours and a 
quarter after taking the strychnine, convulsions occurred with 
well-marked opisthotonos. Emetics were employed, and tannin 
and codeine given separately ; ultimately he made a complete 
recovery. Wallace and McEae ^ describe a case of strychnine 
poisoning, attended by recovery, after a man had swallowed 
twenty grains of pure stiychnine sulphate. About ten minutes 
after taking the poison prompt vomiting was induced, the 
stomach-pump was used, and bromide of potassium and chloral 
administered. The man made a complete recovery, due no 
doubt to the prompt and thorough evacuation of the stomach, 
and also to the fact that the stomach was full of food at the 

» The Lancet, 1889. '' Deutsche Klinik., 1861. 

» Brit. Med. Jour., 1892. 
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time the strjchnine was taken. Dixon Mann ^ mentions a 
case in which twenty-two grains of strychnine remained in the 
stomach for two hom*s before vomiting occun-ed, and yet re- 
covery took place. 

Fatal period. — The most rapid death following strychnine 
poisoning is one in which a fatal result occurred five minutes 
after the commencement of symptoms, and ten minutes after 
swallowing the poison. As a loile death occurs, in connection 
with strychnine poisoning, within two hours ; the presumption 
being that, if a person after taking strychnine surv^ive for two 
hours, recovery will take place. On the other hand, the 
fatal period may be delayed for a few houi's, as is shown by 
the following cases : Harley '^ reports a case of a woman who 
died five hours and a half after taking strychnine in the form 
of pills ; from the vomit, stomach and contents, liver, and one 
kidney, Stevenson extracted 3*26 grains of strychnine. Taylor 
mentions the case of an adult who died in six hours from a dose 
of three grains of strychnine. The longest fatal period on 
record occurred in connection with a case described by Henrv,' 
in which a man swallowed as nmch strychnine as would cover 
a shilHng, probably from seven to ten grains ; symptoms 
appeared in from ten to fifteen minutes. The stomach was 
subsequently washed out repeatedly, large doses of chloral and 
bromide of potassium given, and these were supplemented l)y 
occasional chloroform inhalations ; but fiiudlv death occurred 
from strychnine spasms eight hours and three-quarters after 
the onset of the symptoms, or nine hours after taking the 
poison. 

Elimination of atnjchninc. — Strychnine is eliminated in the 
urine, faeces, and sahva. It is rapidly removed by the kidneys ; 
after the administration of strvchnine in medicinal doses it has 
been found in the urine ludf an liour after administration ; both 
Kratter and Dixon AFann bave failed to lind it in the urine 
forty-eight hours after its administration had ceased, indicating 
its rapid elimination. 

> Forensic Med. and Toxicol. - The Lancet, 1893. ' Ibid. 
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Vermin-killers containing strychnine. — Many cases of fatal 
poisoning by strychnine have occurred from the employment 
of certain vermin-killers for homicidal or suicidal purposes. Of 
these preparations, the one most largely in use is known as 
* Battle's vermin-killer,* which contains strychnine mixed with 
flour or potato starch, and coloured with prussian blue. A 
threepenny packet of this vermin-killer contains from one to 
two gi'ains of strychnine, and a sixpenny packet from two to 
three grains. Another preparation known as * Butler's vermin- 
killer ' contains strychnine mixed with flour, and coloured wuth 
soot. A sixpenny packet of this preparation contains from two 
to three giains of strychnine. In cases of poisoning or sus- 
pected poisoning })y either of these verm in -killers the colouring 
matter should be carefully searched for in the contents of the 
stomach or intestines. In some of the verm in -killers ultra- 
marine is used as the colouring matter, and in poisoning by 
such a preparation no coloured particles may be found in the 
stomach after death, as the acid of the gastric juice is suffi- 
cient to destroy the colour of ultramarine. Occasionally, 
though rarely, vermin-killers are coloured pinkish, carmine or 
vermilion being then employed. 

Analysis and tests. — Strychnine is extracted from organic 
admixture and from the various viscera ])y the process described 
for the extraction of alkaloids (see p. 254). The alkaloidal 
residue which is obtained l)y tlie evaporation of the chloroform 
and ether mixture, after the first extraction from the alkaHne 
hquid, generally contains a little coloming matter, which would 
interfere with the colour-test employed for strychnine. To get 
rid of this colourijig matter the alkaloidal residue left after the 
evaporation of the chloroform and ether should be moistened 
with strong sulphuric acid and heated on a water-bath for two 
or three hours. In this way the organic matter is thoroughly 
charred and decomposed by the sulphuric acid, whereas the 
strychnine, which is converted into a sulphate, remains un- 
affected. The mixture is then diluted with water and filtered 
from the carbonaceous matter that has been set free ; the 




S7-A- YCHNINE 283 

filtrate is rendered alkaline with ammonia, and is agitated 
with chloroform or the chloroform and ether mixture. Tlie 
chloroform or chloroform tnd ether mixtm-e is removed by a 
separating funnel, and if it he then allowed to fall drop by drop 
into a heated porcelain dish, the strychnine is ohtained as a 
deposit in the pure state, and confined to a very small area of 
ithe dish. To the deposit so ohtained in porcelain dishes the 
ifollowing tests may be employed. 

I. Strj-chnine possesses a powerfully hitter taste, which 
ia not always noticeable at once when a solution of Btrych- 
nino is placed upon the tongue, but which develops quickly, 
and is very persistent in its effect. 

II. If the solid strychnine residue be dissolved in a few 
drops of cold strong sulphuric acid, and an oxidising agent 
added, & characteristic and regular succession of colours ia 
produced. A rich blue colour is first obtained, passing to violet, 
purple, and finally to chen^-red ; the latter colour is persistent 
(or some time, but ultimately changes to yellow. The following 
oxidising agents may be employed to produce this succession 
of colours, viz. manganese dioxide, lead dioxide, potassium 
bichromate, potassium ferricyanide, or potassium permanganate. 
Of these oxidising agents, manganese dio.xide employed in 
small quantities gives the best results, the different eoloura 
being well developed and the change more gradual than with 
the others. To apply the test lo the solution of strychnine in 
strong sulphuric acid contained in a porcelain dish, a small 
glass rod should be dipped in strong sulphuric acid, so as just 
to moisten it. and then a ver}' email amount of solid manganese 
dioxide taken up on it ; on stirring the strj-chnine solution with 
the portion of the glass rod to which the manganese dioxide is 
adhering, a deep blue colour is developed, changing gradually, 
as previously mentioned, to violet, purple and cherry-red. It 
should be remembered that this lieautiful test for strychnine 
does not depend upon the production of a blue colour, hut upon 
the regular succession or play of colours. So employed, the 
test is a very characteristic and delicate one, the sn'mo of a 
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grain of strychnine being capable of detection by it. If 
potassium bichromate be used, instead of manganese dioxide, 
the change of colom* is much more rapid, and moreover the 
gi'een chromium sulpliate that is formed tends to mask the 
colours produced by the strychnine. 

On account of the importance of this test for strychnine, it 
is advisable to consider whether any substances may interfere 
with the production of the coloms, or w^hether any other sub- 
stances than strychnine are liable to be mistaken for it. The 

presence of moi*phine to a 
certain extent interferes 
with the colour-test for 
strychnine, and if the mor- 
phine be in excess of the 
strychnine, then the latter 
alkaloid is not discoverable 
by the colour-test. Mor- 
phine in small quantities, 
however, does not interfere 
with the working of the 
test ; moreover, in the ex- 
traction process for stn^xh- 
uine the presence of any 
large quantity of morphine 
is excluded by its very 
slight solubility in the 
chloroform and etlier mixture. Other substances, how^ever, 
give with strong sulphuric acid and an oxidising agent a colour 
somewliat resembling the strychnine colour reaction. These 
bodies are cimirine, gelsemine, veratrine, cod liver oil, salicin, 
santonin, narceine, papaverine, solanine, and aniline. These 
substances can be easilv distinmiished from strvchnine in that, 
with the exception of aniline, they are all coloured by sul- 
phuric acid alone, either in the cold or on warming ; whereas 
strvchnine is not coloured bv cold or warm sulphuric acid 
alone. Anihne gives no colour with sulphuric acid alone, but 
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with sulphuric acid and an oxidising agent it produces a gi'een 
colour changing to blue and ultimately black, which change of 
colours distinguishes it from strychnine. Of the other sub- 
stances mentioned, curarine and ^elsemine are the only two 
alkaloids behaving exactly like strychnine with sulphuric acid 
and an oxidising agent ; but, as previously mentioned, they are 
coloured by sulphuric acid alone. Gelsemine gives with sul- 
phuric acid a green colour turning to red. Curanne gives with 
sulphuric acid a deep blue or violet colour, and with strong 
nitric acid it is coloured 
deep red or purple. Am- 
thor * has described a 
cadaveric alkaloid or pto- 
maine with strvchnine-like 
properties, which he has 
twice obtained from parts 
of a corpse eight days old. 
The chief differences be- 
tween this alkaloid and 
strychnine are : (i) It is 
less poisonous than strych- 
nine when injected sub- 
cutaneously into a frog, 
(ii) The taste is less bitter, 
(iii) The precipitates pro- 
duced by this ptomaine 

with potassium chromate and picric acid are amorphous, 
whereas those produced by strychnine are crystalline (figs. 19 
and 20). (iv) The blue colour with sulphuric acid and an 
oxidising agent is less persistent and less pure than the 
colour formed with strvchnine. The formation of such a 
ptomaine must, however, be very rare, as the tests for 
strychnine have been employed by different toxicologists with 
negative results in an enormous number of cases, without the 
detection of this ptomaine ; moreover, such a ptomaine would, 

' Qhcm. Zeit., 11, 288. 
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in all probability, be destroyed by warming with strong sulphuric 
acid over the water-bath. 

A very delicate method of employing the oxidation test 
for strychnine is that suggested by Letheby, which consists in 
the employment of nascent oxygen, produced by electrolysis, 
instead of any of the oxidising agents previously mentioned. 
The strychnine residue is dissolved in two or three drops of 
strong sulphuric acid, which are placed in a small porcelain 
crucible. On dipping, for a moment, into the liquid two plati- 
num wires connected respectively with the zinc and platinum 
plates of a Grove cell, a violet colour flashes out, and on 
removing the wires the tint remains. 

III. Bloxam * has described the following characteristic 
and delicate test for identifying strychnine. The solid alkaloid, 
on a glass slide or porcelain dish, is dissolved in a drop of 
nitric acid and gently heated ; to the warm solution a very 
minute quantity of powdered potassium chlorate is added, 
which produces an intense scarlet colour. The addition of one 
or two drops of ammonia changes this colour to a brown, and 
a brownisli precipitate falls. If the mixture be then evaporated 
to dryness, it leaves a dai'k green residue, which, dissolved in 
a drop of water, gives a green solution, changed to orange- 
brown by caustic potash, and ])ecoming gi-een again with nitric 
acid. No other of the conmionly-oecurring alkaloids can be 
mistaken for strychnine by this test. 

IV. The physiological test for strychnine is carried out by 
injecting a few drops of a solution of strychnine under the skin 
of the ])ack of a small frog ; the animal is then placed under a 
glass shade and watched. Tetanic convulsions generally occur 
in a few minutes, even if only a minute quantity of the strych- 
nine be present. If convulsions have once occurred, they can 
be reproduced by either touching the frog, or by smartly 
tapping the table upon which it is resting. 

V. Potassium bichromate produces with a solution of a 
strychnine salt a bright yellow precipitate of the chromato of 

' Chcm. News, Iv. 155. 
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Btiychnine, which alcnoBt immediately becomes crystalline. 
This reliction can be canned out on a microscope slide, and 
the shape of the crystaJa observed under the microaoope 
" ;. 19). If the crj'stals are allowed to dry, and are then 
touched with a small drop of strong sulphuric acid, a deep 
blue colour ia obtained, and quickly changes to violet, pnrjde, 
cherry-red, and ultimately to green ; so that the crystalline 
precipitate of strychnine chromale enables the oxidation colour- 
test to be applied by way of confirmation. 

VI. Picric acid gives with solutions of strychnine salts a 
yellow precipitate of strychnine picrate (fig. 20). 

Failure to <Mect strychnitii: — Occasionally, careful analysis 
has failed to detect this poison after death. Beese mentions a 
case that occurred to him where a woman was alleged to have 
been poisoned by sis grains of strychnine, and in whose case 
death was postponed for the long period of six hours. The 
body was examined by him for poison eight weeks after death, 
and although the body was well preserved, he failed to detect 
Btryclmine. In this case morphine heA also been adniinistered. 
and might possibly have interfered with the colour-test. If a 
small, but fatal, dose of strychnine has been taken or 
administered, and if death does not occur until more than two 
hours have elapsed, it is possible that so much of the strych- 
nine may have been eliminated, and the remaining minute 
amount be so widely distributed throughout the body as to 
escapa detection ; so that the non-detection of strychnine does 
not prove that it has not destroyed life. If. however, death 
occur within a couple of hours of the taking or administration 
of strychnine. Stevenson, who has had a considerable ex- 
perience in the detection of this poison, is of opinion that it 
can hardly fail to be detected in the body. 

Bbucikb 

Brucine is an alkaloid that is found along with atrj'chnine 
in nuT vomica seeds, and in the Ignatius bean. As it is an 
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alkaloid that is practically unknown to the public, cases of 
poisoning by it seldom occur. Physiologically it considerably 
resembles strychnine, but is less poisonous ; the physiological 
activity of strjxhnine is stated by different observers to be 
thirty-eight, twenty-four, and ten times greater than that of 
brucine. Brunton ' finds that brucine acts in a very similar 
manner to strychnine, and produces death by convulsions after 
injection ; when taken into the stomach, he finds that it is 
rapidly eliminated in the urine, and does not then so fre- 
quently produce convulsions. The symptoms and treatment 
are the same as those given in connection with strychnine 
poisoning. • 

Tests. — I. The most delicate test for brucine is the nitric 
acid reaction. If to a solid brucine residue a drop or two of 
strong nitric acid be added in the cold, a bright arterial blood- 
red colour is produced, which, on warming, changes to yel- 
lowish-red and yellow. If the mixture be now cooled, and 
stannous chloride very cautiously added, a purple colouration 
is produced, which is destroyed by excess of the stannous 
chloride. If, after the addition of cold nitric acid to solid 
brucine, the red-coloured liquid obtained be largely diluted 
with water, a yellow precipitate separates ; this precipitate is 
soluble in dilute hydrochloric acid. If the filtrate from the 
yellow precipitate be neutralised by ammonia, and tested with 
calcium chloride, a precipitate of calcium oxalate falls, insoluble 
in acetic acid, but soluble in hydrochloric acid. This last- 
mentioned combined test is peculiar to brucine. 

II. With sulphuric acid and potassium bichromate, brucine 
gives a deep orange-red colour. 

III. With sulphomolybdic acid solid brucine gives an 
orange-red or purple-red colour, which changes to gi*eenish or 
blue. 

IV. Blyth 2 considers that the best test for brucine is the 
reaction with methyl iodide. If to a solution of brucine in 

' Chem. Soc. Jour., 1885. ^ Poisons, 1884. 
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ai strong alcohol a little methyl iodide be added, circular rosettes 
^ of crystals appear at the end of a few minutes. A solution of 
strychnine gives with methyl iodide no similar reaction. 






E 



Nux Vomica 

Nux voiuica seeds and their preparations, such as the 
extract and tincture, produce poisonous effects similar to those 
of strychnine. The symptoms of poisoning by nux vomica are 
usually longer in appearing than when strychnine is taken. As 
previously mentioned, thirty gi'ains of the powdered seeds, and 
three grains of the extract, have proved fatal. Stevenson ' 
records the case of a boy aged twelve, who, after taking about 
eight gi'ains of the extract of nux vomica, recovered ; both 
strychnine and brucine were detected in the urine. 

' Guy's Hospital Repts., 1868. 
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CHAPTER XVII 

Poisoning by belladonna (deadly nightshade) and atropine— Hyoscyamus 
(henbane) —Stramonium (thorn-apple) -Duboisine—Solanum dulcamara 
(bitter sweet) — Aconite (monkshood) and aconitine— Veratrum and vera- 
trine — Black hellebore. 

Belladonna, Hyoscyamus, Stramonium, Solanum and 

duboisia 

All these poisonous plants owe their active properties to alka- 
loids. They are all members of the natural order Solanaceae, 
and are neurotic poisons, frequently known as dcliriants on 
account of the active delirium that constitutes one of the 
princi])al symptoms when taken in poisonous doses. They are 
also known as mydriatics, on account of their physiological 
property of dilating the pupil. In general, they produce other 
effects in common, such as arresting the secretions of saliva 
and sweat, and so causing dryness of the mouth and a diy 
flushed skin. They frequently produce a red rash upon the 
skin, and visual hallucinations or spectral illusions are common 
in poisoning with members of this group. The active alkaloid 
of belladonna is atropine, of hyoscyanms— hyoscyamine, of 
duboisia — duboisine. All these alkaloids are isomeric — that is, 
their chemical composition is the same, all of them possessing 
the formula CiyH^^.-jNOy. Daturine, the active alkaloidal prin- 
ciple of the stramonium plant, is now known to be a mixture 
of atropine and hyoscyamine, and not a distinct alkaloid. 

Belladonna and Atropine 

Atro2)a hcUadonna (Nat. Old. Solanaceae, or Atropaceae as 
it was formerly called) is a plant (Plate II.) that grows wild 
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this country; it is commonly known as ihe dcmllff niykishade. 
the berrica, leaves, and root are poisonous, their poisonous 
troperties being due to the alkaloid atropine. The berries 
vhenripe possess a dark purple colour with a bloom upon them, 
knd are very attractive in appearance to children and others, 
by whom they are not unfrequently eaten, with the consequent 
pvduction of beUadonna poisoning. Each berry contains 
iveral dark-coloured seeds (fig. 21). In addition, the Pharma- 
Bop(8ial preparations of belladonna occasionally give rise to 
i of poisoning ; of these the principal ones are the tincture, 
liDiinent, and extract. The latter is frequently prescribed (or 
Bxtemal use, ruhlwd up with an equal quantity of glycerine, and 
when so prepared, it forms a 

Tiscid hquid very much rcsem- m. - ^H 

bling treacle in appearance and 
consistency, and may be taken 
by children for such by mis- 
take. The elimination of atro- 

1 pinctiikes place rapidly by the 

' kidneys. 

Symptoms.— The symptoms 

I of fwlladonna or atropine poi- 
soning are similar to those 
produced by other members of 

this group of neurotic and deliriant poisons, so that the follow- 
ing description of the syraptoms will suffice for the other 
members of the group, (i) A hot and dry sensation in tho 
mouth and throat, accompanied by thirst, and followed by 
paralysis of the muscles of deglutition, swallowing being ditli- 
cult or impossible in consequence, (ii) Nausea and vomiting 
sometimes occur, especially if portions of llie plant have been 
eaten, (iii) Dilatation of the pupils and indistinctncMH of vision, 
owing to paralysis of the sphincter iridis and tho ciliary muscle, 
Dilatation of the pupils is well marked, tho iris frequently iwinn 
reduced to a thin ring, The indistinctness of vision is iii ]»arl. 
dua to paralysis of the power of accommodation, and iu part, 
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no doubt, to the action of the poison on the brain centres, (iv) 
The face is flushed, the eyes are sparkUng, and the pulse is 
small and, as a rule, very rapid, (v) Giddiness quickly super- 
venes, followed by restlessness, great excitement, and frequently 
by delirium ; the delirium is generally attended with visual hal- 
lucinations and spectral illusions, and is frequently imitative in 
its t}^e, such movements as those of a person employed in sew^- 
ing, or of one cutting cloth into strips, or picking substances, being 
imitated and persisted in for a considerable time, (vi) Drowsi- 
ness and stupor generally supervene. In the graver cases 
convulsions also may occur, (vii) In the gi'eater number of 
cases an erythematous rash, resembling the rash of scarlet fever, 
occurs upon the chest and other parts of the body ; the tem- 
perature is also sometimes raised, but not as a rule above 101° 
or 102°. On account of the conjunction of the flushed face, 
the delirium, the scarlatinal-like rash, and the elevation of tem- 
perature, a case of belladonna poisoning may be mistaken for a 
case of scarlet fever, if the history of the attack be not taken into 
account. Recovery is slow, and constipation during recovery is 
not uncommon. 

Fah'ly typical symptoms of poisoning have occasionally oc- 
curred after the dropping or instillation of a solution of atropine 
into the eyes for ophthalmic purposes. Owens * records two 
such cases, one in which one-twelfth to one-eighth of a grain 
of atropine was instilled into the eyes of a boy, aged twelve, in 
ten instillations spread over two days ; after the last instillation 
he showed most of the symptoms of atropine poisoning — viz. 
A staggering and unsteady gait, di-yness of the throat and 
tongue, flushed face, pupils moderately dilated, picking at 
imaginary- objects in tlie air, incoherent muttering, smihng, and 
occasionally laughing outright to himself. He could be roused 
to attention for a few minutes, but soon relapsed. A few hours 
later tetanic spasms came on with delirium. Complete recovery 
took place after a few days. The second case w^as that of a 
healthy male adult, aged seventy-three, into whose eyes one 

' TJie Lancet, 1890. 
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twenty-fifth of a grain of atropine was instilled in tliree instilla- 
tions extending over twenty minutes. The pupils were dilated, 
and shortly afterwards the patient hecame almost unconscious ; 
his face was suffused, the ])ody covered with an eiythematous 
rash, the pulse was extremely rapid, and there was almost com- 
plete paralysis. Recoveiy in this case took place in a few days. 
Purley * relates the particulars of a case in which about two- 
fifteenths of a grain of homatropine were instilled into the eyes 
of a child, aged seven, by four instillations extending over a 
period of an hour. Shortly afterwards the child became rest- 
less and excited, the face was flushed, the expression of her 
ideas became very incoherent and extravagant, and she saw 
imaginary objects. The gait became staggering, and mild 
delirium set in. Complete recover}- occurred after some days. 
Symptoms of belladonna poisoning may also occur from the 
external application of a belladonna plaster, if the surface of 
the skin to which it is applied become imtated, inflamed, or 
blistered. Walker ^ describes a case of a female, aged sixty- 
five, who apphed a perforated belladonna plaster about eight 
inches square to her back. Ten hours after its application the 
skin became inflamed and vesicated, and the plaster was re- 
moved. At the end of three weeks the belladonna plaster was 
again apphed, and seven hours afterwards symptoms of poison- 
ing set in. They consisted of giddiness and staggering gait, 
delirium followed by complete loss of power, unconsciousness, 
rigidity of limbs, with convulsive twitchings, wide dilatation of 
pupils, and retention of urine. On removing the plaster the 
skin below it presented the appearance of a healing blister. 
Morphine was injected hypoderniically, and in twenty-four 
hours the patient was convalescent. Ilowarth^ describes a 
case of rapid supervention of symptoms of poisoning following 
the application of a belladonna plaster to the lumbar region. 
A man, aged fifty-seven, applied a belladonna plaster about 
six inches by four to the lumbar region, which had been ren- 

' Nexc York Med. News. 1892. 
« Brit Med. Jour., 1891. • The Lancet^ 1894. 
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dered hj^eraemic by previous friction with mustard oil. After 
about three-quarters of an hour, dryness of the mouth and 
tongue supen^ened, followed by numbness of the hands and feet, 
and shortly afterwards by dimness of vision and confusion of 
mind. About one hour and a quarter after applying the plaster 
vomiting came on, and was followed by unconsciousness and 
dehrium, which was incoherent and of the muttering amused 
type, and he frequently burst out laughing in a hearty manner. 
On removing the plaster no abrasion of the skin was found un- 
derneath, but it was markedly h\^eraemic from the apphcation 
of the stimulating oil ; there was retention of urine. Under 
treatment with the extract of physostigma, rapid recovery took 
place. Several cases of severe poisoning have also resulted 
from the application of atropine ointment to ulcers. 

Treatment and antidotes. - The stomach should be emptied 
and thoroughly washed out by means of the stomach-pump or 
stomach-tube, or, if neither of these be procurable, an emetic 
of raustaid and water should be given. The best and most 
rapidly acting antidote to atropine is pilocarpine. One-third 
to one-half of a grain of the nitrate of pilocai*pine should be 
hypodermically injected, and the injection, if necessary, should 
be repeated an hour later, the indications for this repetition 
being the continued dilatation of the pupils and dryness of the 
skin. The beneficial action of pilocarpine is indicated by com- 
mencing contraction of the pupils, sweating, and abatement of 
the delirium and other symptoms. Stinmlants and hot coffee 
should be administered. In the collapse stage artificial 
respiration mav be found necessarv. The administration of 
morphine hypodermically in cases of poisoning with belladonna 
or atropine has been frequently reconmiended, and certainly 
the tolerance of morphine exhibited in atropine poisoning is 
striking, and is in favour of the antagonism of these drugs ; 
but, although atropine may be of use in cases of opium or 
morphine poisoning, the converse is not by any means so 
certain. If pilocarpine be not at hand, hypodermic injections 
of moi-phine may be employed in cases of belladonna or atropine 
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poisoning, but it should only be used iu tlic stage of excitement, 
and not in the final stage of collapse, when its use would be 
clsDgerous. An interesting example of the good effects of 
pilocarpine is related by Campbell,' in which a male, aged 
>sixty, had administered to him by mistake a tablespoonful of 
'& liniment consisting of equal parts of belladonna liniment 
.ftnd tincture of opium. Although the so-called physiological 
antidote, motphine, was present in this liniment, the typical 
symptoms of belladonna poisoning supervened. Recovery took 
place after hypodermic injections of pilocarpine, which wore 
repeated until one grain of pilocarpine in all was injected ; the 
patient lapsed into a comatose condition during an interval of 
about sis hours, whilst a fresh supply of pilocarpine was being 
obtained. 

PoBt-mortem sppearancea. — There are no characteristic 
appearances of belluduiina or atropine poisoning. Careful 
examination of the contents of the stomach and intestines 
should he made for portions of hen'ies and seeds. The mucous 
membrane of the stomach may he found stained of a pmplish 
colour with the juice of the berries, if poisoning has resulted 
from tbeir use. Maurel,' who has made a aeries of experimental 
researches on the action of poisons on leucocytes, finds that 
the toxic action of atropine is in the ratio of its destructive 
action on the teuoocytea. He discovered the interesting fact 
that in the case of the hare— an animal which eats belladonna 
with impunity— atropine was almost without effect on the 
leucocytes of that animal. Fi'om his experiments, Maiu-el 
considers it probable that the leucocytes have a principal part 
to perform in poisoning by atropine. 

Fatal dose. — One teaspoonful of belladonna liniment and 
one drachm ot the extract of belladonna respectively have proved 
fatal. McGowan " relates a case of recovery after a tablespoou- 
ful of belladonna liniment hod been taken, and Oliver * relates a 
case of recovery after a patient bad swallowed a mixture of equal 

I Brii. Mtd. JoKT., 18113. = Bulletin i!r Tht'ropeiiUqtie. 1892. 

' The Lancil, 1890. ■ Ibid., 1891. 
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parts of the extract of belladonna and glycerine (oont 
about half an ounce of the extract of belladonna), k 
these cases pilocarpine was used as an antidote. Foi 
belladonna berries caused the death of an old man, but r« 
has taken place after eating fifty l>en-ies. Children are i 
susceptible to the poisonous action of belladonna as a 
recovery has followed in a child after eating thirty berrie 

Of atropine, half a grain is the smallest known fatal d* 
an adult. Greenway ^ records the case of a man, aged 
five, wlio swallowed, by mistake, a teaspoonful of solut 
atropine sulphate containing half a gi^ain of the sulj 
symptoms of poisoning followed, but death did not occuj 
tlie sixtli day. Two grains of atropine have also provec 
in an adult. Recovery has taken place after taking five 
and a half of atropine sulphate ; and a child, two vears 
half old, has recovered from a quarter of a gi-ain of atropi 

Fatal period. - The sliortest period within which dea 
resulted from the taking of atropine is twelve houi*s. T 
death occurs within twenty-four hours, but it may be d< 
nnich lat(.*r, as in the renuirkable case described above in 
death did not occur until the sixth day. 

Analysis and tests. — Careful examination should be 
of the contents of tlie stomach and intestines for beirit 
seeds as jirt'viously mentioned. The mucous membrane 
stomach may be stained of a puii^lish colour from the c 
ing matter of the berries ; this colouring matter has a 
purple hue, and is turned green by alkalies and red bv 
For tlie extraction of atropine from the contents of the st< 
or intestines, or from the viscera, the process doscnb 
p. 254 shoidd be employed. Tlie chemical tests are not 
conclusive, but should be used in conjunction with the i)] 
logical test. At the same time it should be home in min< 
the chemical and physiological tests are given alike bv a 
tropines— viz. those derived from belladonna, hyoscyamu 
stramonium - so that the identification of the group is al 

' hrxL Med. Jour,, 1878 
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can be done with certainty by the toxicologist, aJthough tlje 
possible distinction of atropine from the other tropinea may 
be made iiy one or two of the tests detailed below, 

I. Pbyniolixjiciil icjt— The i-caidue left hy the evaporation 
of the chloroform and ether mixture, at the end of the extrac- 
tion process, should fii-flt be identified as an alkaloid by the 
usual gi-oup reagents, and then a drop or two of a neutral 
aqueous solution of it should he introduced into the eye of 
a kitten or cat. If atropine l>e present, dilatation of the pupil 
occui's in from a few minutes to an hour, according to the 
amount present. A drop or two of a solution containing one 
part of atropine in 130,000 parts of water is sufficient to pro- 
duce this effect. The test may be repeated on the eye of a 
human being. 

II, VHulin test. — To a small amount of solid atropine 
residue a drop or two of strong nitric acid is added, and the 
liquid evaporated to dryness over a water-bath. When cold, 

[' the residue is touched with a glass rod which has been dipped 
into a freshly prepared solution of caustic potash in absolute 
alcohol ; a beautiful violet colouration is instantly produced, 
which slowly changes to dark red. This violet reaction is 
peculiar to atropine and its isomers— i.e. to the tropines. 
Beckmann, however, has pointed out that a somewhat similar 
reaction to atropine is given by venitrine with Vitah'a test, but 
if nitrous acid or a nitrite be used instead of nitric acid, and 
aqueous solution of potash instead of alcoholic potash employed, 
atropine gives a violet-red colotn-, while veratrine gives a yellow 
colour. 

III. A modification of Vitali's test is to add to a minute 
quantity of solid atropine a di'op or two of strong cold sulphuric 
acid, and then a fragment of sodium nitrite, A yellow colour 
is produced, which, on the addition of a solution of caustic 
potash in absolute alcohol, changes to reddish -violet and then 
•to pale rose. 

IV, Gerrard's test. — One-tenth of a groin of atropine is 
placed on a watch-glass, and twenty minims of a two per cent. 



>9S 



TOXICOLOGY 



solution of niei'curic chlonde in alcohol of fifty per cent, strength 
gradually aililod ; a red colouration is produced at once by 
atropine. Ilvoscyaniinc fjivea under similar conditions a yellow 
colour, and, on hoating, a red precipitate is formed. Hyoscine 
gives neither a red nor yellow colouration or precipitate. Most 
of the other common alkaloids give white precipitates when 
similarly treated. This test is only applicable in the absence 
of alkalies. 

V. l-'ree atropine gives a red colour with phenolphthalein. 
This reaction is common to the other tropines, viz. hyoscyamine, 

hyoscine, and homatropine, 
but it is not given by any 
other fixed alkaloid in com- 
mon use, hence its value. 
To obtain this reaction a 
minute quantity of the alka- 
loid should be placed on 
phenolphthalein paper, and 
the fragment should then 
be wetted with absolute al- 
cohol. No colouration ia 
jn-oduced with an alcoholic 
solution of atropine, but on 
allowing the alcohol to eva- 
porate, and touching the 
residue on the paper with a 
drop of water, a red colour 
ap])cars. This colour dis- 
appears on the addition of alcohol, but is reproduced when 
the spirit has evaporated. This reaction is characteristic, as 
the caustic alkalies rciict with phenolphthalein in alcoholic 
solution. 

VI. Blyth ' states that a delicate test for atropine is to 
evaiKiiutc a speck of the alkaloid to dryness with a few drops 
of strong solution of baryta, and to heat the residue, when an 

1 J'oiaoif. ixwt. 
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intense odour is given off, which is analogous to that of haw- 
thorn-blossom, and is unmistakably agreeable. 

VII. Wonnley ^ states that an aqueous solution of hydro- 
bromic acid, saturated with free bromine, produces in solutions 
of atropine, even if very dilute, a yellow amorphous precipitate, 
which in a short time becomes crystalline ; the precipitate may 
redissolve if the alkaloidal solution be strong, but is reproduced 
on the further addition of the bromine reagent. The production 
of the crystals is stated to be quite characteristic of the alkaloid 
(fig. 22), as all other common alkaloids produce under similar 
conditions a precipitate which remains amorphous. An alco- 
holic solution of bromine may be employed as a reagent in 
place of solution of hydrobromic acid. 



Hyoscyamus 

Hyoscyamus Niger (Nat. Ord. Solanaceop) is commonly 
known as henbane (Plate III.) All parts of the plant are 
poisonous. The poisonous properties are due to two alkaloids, 
hyoscyamine and hyoscine ; hyoscyamine is convertible into 
atropine. Henbane seeds 
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(fig. 23) have been sold in 
mistake for celery seeds. 
Martin* describes the poi- 
soning of four people after 
partaking of soup flavoured 
with henbane seeds, which 
had been sold by mistake for 
celery seeds ; all the cases 
recovered under treatment. 
Henbane seeds are used as 

a popular remedy, among the lower classes, for the relief of 
toothache. The method of employing them is to place some 
red-hot coal upon a shovel or plate, and sjirinkle over the 

* Micro-Chcviisfry of Poisotis, 18r>7. 
2 Brit. Med. Jour., 1892. 
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Fig. 23.-- Hyoscyamus (Hknuane) 
Seeds 

A, natural size ; «, magnified i\ diameters 
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burning coal the henbane seeds, the open mouth of the sufferer 
being held over the coals. Under the influence of the heat the 
seeds sprout or germinate, and the protrusion of the thread-like 
radicle of the seed is taken for a worm which is supposed to 
have dropped out of the diseased tooth. 

Symptoms. — The symptoms of poisoning by henbane are 
very similar to those of belladonna poisoning (see p. 291). The 
tendency to noisy delirium, especially with hyoscine, is not so 
great as with atropine ; but as a iiile there is more collapse and 
tendency to insensibility with henbane than with belladonna 
poisoning. Dodd * relates a case of poisoning which occurred 
in a female, aged fifty, from swallowing by mistake six drachms 
of the tincture of hyoscyamus (B.P.). Free vomiting was 
produced a few minutes after taking the poison. Twenty to 
twenty-five minutes later the pupils began to dilate, the pulse 
was 120, there was gi'eat weakness and trembling of the 
limbs, marked dryness of the throat, flushing of the face, the 
extremities became cold, and in a short time the pupils were 
fully dilated. Two hours after taking the poison the patient 
was powerless to move her legs, and the upper extremities 
were almost completely paralysed ; slight delirium was present. 
Under treatment she recovered completely. 

Treatment and antidotes.— The same as for belladonna 
poisoning (see p. 294). 

Post-mortem appearances.— Nothing characteristic. 

Fatal dose.— Of henbane itself nothing is known ; as in the 
case mentioned above, recovery has taken place after swallowing 
six drachms of the tincture. Death has been produced by 
taking one-eighth of a grain of hyoscyamine with some quantity 
of morphine sulphate ; one-fortieth of a grain of hyoscine has 
produced severe symjDtoms. 

Fatal period. — Nothing definite is known. 

Analysis and tests. — The alkaloids of henbane may be 
extracted by the general process for the extraction of alkaloids 
(see p. 254). The tests described for atropine should then be 
apphed to them (see pp. 296-299). 

> Brit Med. Jour., 1889. 
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Datura Slramohinni (Nat, Ord. Solttnaceao) is commonly 
known as thorn-apple and devH's-apph {Plate IV.) The fruit 
contains sovcral dark-coloured seeds (fig. 24). It is a poison, 
and owes its active properties lo daturine, which, however, has 
been shown by Ladenburg to be a mixture of hyoscyamino and 
atropine. In India two species of stramonium, Diiliim Fastiwsa 
and Datura Alba, are largely used by the Hindoos, under the 
name of dluitoura, for criminal purposes. It is used there for 
the purpose of murder, or for stupefying a victim, so that he 
may I>e easily robbed or rendered for a time incapable of exer- 
cising bis mental faculties. For a full account of the use of 
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Fio. 24.~ Btiuuomcu Skem 
A, natural Bize ; s, magnified 6 diameters 

this poison by the Hindoos, see Chevers, ' Manual of Medical 
Jurisprudence for India.' 

Symptoms. — Similar to those of bolladonna poisoning (see 
p. 291), 

Treatment and antidoteB.— The same as for belladonna 
poisoning (sue p. 294). 

Post-mortem appearances.— Nothing characteristic. 

ratal dose.— AhouL 100 seeds, and seventeen or eighteen 
grains of the extiact ' have caused death. 

Fatal period. -Deuth has occurred in seven hours. 
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Analysis and tests. — The usual process for alkaloidal ex- 
traction (see p. 254) should be employed. The same tests as 
for atropine may be used (see pp. 296-299). 

DUBOISINE 

This alkaloid is derived from Duboisia Myoporoidcs (Nat. 
Ord. Solanaceae). Duboisine is an isomer of atropine, and is 
believed to be either identical with hyoscyamine or with a 
mixture of hyoscyamine and hyoscine. Duboisine produces 
similar symptoms of poisoning to those of atropine, and like 
atropine it is used as a mydriatic. Chadwick ^ relates a case 
of poisoning by duboisine, which occurred in a man aged 
seventy-five, into whose eyes two discs each containing ^J^ of 
a grain of sulphate of duboisine were placed for ophthalmic 
purposes. Shortly afterwards the patient complained of giddi- 
ness, in about twenty minutes the pupils were dilated, and a 
few minutes later weakness, loss of control over the legs, and 
great dryness of the mouth and gums supervened. The patient 
walked, talked, and behaved like one slightly intoxicated. There 
was inability to recognise the position of objects, partly due to 
paralysis of accommodation and partly due to visual hallucina- 
tions. There was incessant activity, accompanied by a flow of 
words, the sentences being strung together with no apparent 
connection. With reference to these marked symptoms being 
produced by so small a quantity as y,V^ of a grain, Chadwick 
puts the question whether advancing years increased the sus- 
ceptibility of the action of the poison, as it is known that 
children bear belladonna better than adults. Kolloch ' relates 
a very similar case caused by placing two drops of a solution 
of sulphate of duboisine (four grains to the ounce) in the eyes. 

Treatment. — The same as for belladonna poisoning. 

SOLANUM 

Two species of solanum grow in this country, both belonging 
to the Nat. Ord. Solanaccic. The commoner one is Solanum 
> Brit. Med. Jour., 1887. ^ jy-^^ ^gj^,^^ 1337 



! i 



ir 



J . 



. I 



I i 



■ I 



SOLANUM 303 

Dulcamara (Plate V.), commonly known as bitter-sweet or 

woody nightsha^lct which bears small purple flowers and red 

berries when ripe. The other is the Solanum Xijrumy or garden 

nightahadcy which bears white flowers and black berries. 

Solanine, a poisonous alkaloid, occurs in bcnh ; poisonin;^ 

generally occurs from eating the berrius. The l>erries of the 

solanum dulcamara, or woody nightshade, look like red currants 

>vhen ripe, and, as the plant is a ven.- common one in hedges in 

Enjiland, these berries are not unfrequonilv eaten bv children ; 

fortunately, they are not by any means so i^oisf^nous as the 

berries of the Atropa Belladonna, or deadly nightshade. 

Symptoms.— The following symptoms occur from eating 
berries of either species of sfjlanum :- ii) Pain in the stomach, 
headache, and giddiness, (ii) Vomiting And diarrh-ira. with 
tenesmus and colic, (iii) Dilatation of the pupils, pallor, cold- 
ness of the surface, and thirst, (iv) HalliicinatioLs. r:onv;iUi,,ris 
and coma may occur. If death r.cc.r, i: is ;r-:rif:r.4liv f.-.irii 
asphyxia, due to paralysis of the re^piiarory c»:rir,.v:,. 

Treatment and antidotcf.— Thr-; storr.^h ^ho.ld U; err^pr^d 
and washed out by means of the sti,rr.ach-pi.;.,p or ,:orr;ach- 
tubo. Warmth should Ix: applied exr^.-.-^Ily. Ar.d nrim *Iar.r^ 
administered. Opium or morjihine in -r/.^ll n.-.^y.,^ ^r.oi.id 't,h 
given. 

Post-mortem appearances. No; i:r.j -.^;,,'-f:% - ..r.r 
Fatal dose. - Nothing i. kn v/. r.. T.. , :.,r :v...-M-."rM :r... ^,,^.. 
of a bov, aged four, who died ir. aryv,-. -w-.r* ^ . . r . . 
eatmg the red hemes of the soLir.-.rr. .:...o^:v.^.u. .-,». ,. ^^1 .. 
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Several si)ecies of aconite exi.*. T?.. ,,.,.,. ;.•.■,;, v-.^ii ,w» 
Pharmacoporial prep.:..-arioTjs sKoii!.) v; ;v,.^.;,. , ^,. , .' [^ 
XapcUuH (Nat. Old. P^anunc^ilac/:;*.. ...;■.. r^r. .s 'v.-^r; ...„ „ ... .' * " 
in gardens, and which is kno'An ah k://.^ .-,,,/,,' o- .' 
soinetiuies as w<>//jt/>//H,; or />/;/(> rvi:,''. *.,, ;.,,-j -f ,. 
are poisonous, but the greater n>irr.r^.r ',f .i^»i'n^ :-.v.r,rUirfI 
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poisonin;^ have been due to eating aconite root, or to 
the medicinal preparations of aconite. The B.P. lin 
aconite is a strong preparation, about eight times a 
as the tincture. A non-ofificial aconite preparation k 
Fleming's tincture of aconite is from five to six ti 
strength of the B.P. tincture. Aconite root has nc 
quently been mistaken for horse-ratlish root, as tl 
is commonly giown in gardens, and the root may be 
in mistake for horse-radish ; consequently the scrarjed 
root lias been served up at table in mistake for tin 
Tlie distinction of the two is, however, very easv. 
root is short, tap or conical-shaped, generally from 
tluee inclies long; horse-radish root is long, and cvl: 
shaped, generally several inches in length. Aconite 
externally of a dark coffee-brown colour ; horse-radi 
has a pale yellow colour. Fresh aconite root, when \ 
merely evolves a faint earthy odour ; horse-radish roo 
a characteristic pungent odour. Scraped fresh acoui 
after exposure to the air, turns a pinkish colour ; 
horse-radish root does not change coloui*. Aconi 
has also been eaten in mistake for celeiy ; a fatal 
aconite poisoning occurred recently in Norfolk from 
mistake being made. 

The aconite alkaloids have been investigated by < 
Wright, the author, Dunstan, Ince, and others. The pi 
alkaloid is aconitine, which is an extremely powerful 
probably the most active poison that is known. It pos 
even in very minute amounts, a pecuhar action on the t 
lips, and throat ; it produces, when a small quantity 
solution is placed upon the longue, a pecuhar tingling i 
followed later by a numbness of the tongue, lips, and 
This is succeeded by a sense of constriction or swellin*' 
throat, as if the individual were suffering from sore thro 
aconite or aconitine be taken in poisonous quantities, a ; 
general tingling, followed by paralysis of the sensory 
endings, occurs all over the body, due to the poison a 
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limulating and afterwards pai'alysing ihe nerve -en dings, and 
iter the nerve-centres. Beapiratiou is slowed, owing to the 
action of tlie poison on the respiratory centres. Death is 
isually due to arrest of respiration, but may he due to failure 
0f the heart, or to both combined. Aconitine is eliminated in 
the wine and in the fiEces. 

Symptoms.— (i) Tinglmg. followed by nuuihneas of the lips, 
mouth, and throat, accompanied by a sensation of ooustriction 
irenesa of tlie throat {these effects are due to the local 
action of the poison}, (ii) Nauaea, epigastric pain, vomiting 
and diarrhma occasionally, (iii) Tingling, followed by nnmhness 
ftll over the body (due to the eil'ect of the absorbed poison), and 
followed later by muscular twitchingB, cramps in the arms and 
legs, and muscular prostration, (iv) Feeble and intermittent or 
irregular pulse ; respirations laboured and irregular ; pupils 
frequently dilated, but sometimes contracting at intervals. 
.(v) Fall of body temperature, with coldness of the surface and 
a clammy skin, (vi) Dehrium, or a tendency to drowsiness or 
Btupor, sometiuies accompanied by actual loss of conscious- 
ness ; convulsions may occur towards the end. As previously 
mentioned, death is usually due to arrest of respiration, but 
may be due to failure of the heart, or to both combined. 
Valentine ' describes a case of aconitine poisoning in a male 
adult, accompanied by somewhat exceptional symptoms. One- 
fourteenth of a grain of aconitine was taken; the symptoms 
consisted of paraplegia, stertorous and irregular breathing, the 
respirations varying from six to thirteen per minute, irregular 
pulse, and later on coma. Under treatment the patient re- 
covered. 

Treatment and antidotes. — The stomach should be emptied 
and washed out by means of the stomach-pump or stomach- 
tube. If neither of these be procurable, an emetic should be 
employed ; stimulants should be freely given ; warmth and 
friction applied if necessaiy, and- artificial respiration should l)e 
resorted to. Probably the best antidote to aconite is digitalis, 
' W«w Ywh Jtfed. JoMT., 1838. 
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which overcomes the extremely depressing action of the 
aconitine on the heart. It should be administered by hj-po- 
dermic injection of ten to twenty minims of tincture of digitalis, 
or i/ht of a ^rain of digitahn, and the dose should be repeated 
in twenty minutes if neccssaiy. Eobinson * reports the case of 
a soldier wlio look two dr.ichms of tincture of aconite. An 
hour later he was extremely collapsed, and at times lapsed 
into unconsciousness. The stomach was emptied, and twentv- 
live minims of tincture of digitalis given by hj-poderuiic 
injections with forty-five minims of sal volatile and two 
drachms of brandy ; recovery took place in about four hours. 
Hypodermic injections of strychnine may be of use, but 
strychnine is inferior in its utility to digitalis. 

Post-mortem appearances. Nothing ver}- characteristic is 
found in cases of aconite poisoning ; congestion of the mucous 
membrane of the stomach and small intestines has been noticed. 
In the case of Percy Malcolm John, who was poisoned bv 
Lamson with aconitine, the cardiac end of the stomach was 
red and inflamed, and presented a blistered appearance. There 
was also great congestion of the duodenum and patches of 
congestion in otlier portions of the intestines in a lesser degree. 
The membranes of the brain and spinal cord were congested, 
and congestion was also found in the lungs, spleen, liver and 
kidneys. 

Fatal dose. — Fatal results have occurred from the taking of 
sixty grains of aconite root, two grains of the B.P. extract of 
aconite, and one drachm of the B.P. tincture respectivelv. 
Flcjuitufs tincture of aconite is six times as strong as the B.P. 
tincture, and twenty-live minims of it have proved fatal to an 
adult. Crystalline aconitine is an extremely powerful poison: 
one-fifteenth of a grain of aconitine nitrate has proved fatal to 
an adult man in five hours, and Pereira mentions a ease in 
which one-fiftieth of a grain nearly proved fatal to an elderlv 
lady. The case of Beg. v. Lavison (C.C.C. 1882) was a trial for 
aconitine poisoning. Lamson, who was a medical practitioner, 

* Boston Med. and Surg. Jour,, 1892, 
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was tried for the murder ot his brother-in-law, Percy Maloohn 

John, by udmiui ate ring acouitine. For this crime he waa 
foundguilty and was executed. On December 3rd, IHSl.Lamson 
visited hia brother-in-law, a youlh of uineteen, and administered 
to him, in a gelatine capsule, probably about two grains of 
Morsou's aconitine, which he pretended at the time was sugar. 
Death occurred four hours and five minutes after administration 
of the poison, and about fom' hours after the commencement 
ot symptonis. From some of the vomited matter, from the 
viscera, and from the urine taken from the bladder after death, 
Stevenson and Duprd extracted aconitine, and obtained with it 
the usual physiological tests for that alkaloid. Stnith ' relates 
a case of recovery after a teaspoonful of Fleming's tincture of 
aconite had been taken on an empty stomach by a woman aged 
forty. Vomiting was induced within five minutes ot taking the 
poison, and belladonna and stimulants were subsequently ad- 
ministered. The symptoms consisted of a burning sensation 
in the pruicordial and epigastric regions, a feeling of suffocation, 
numbness v\ the face and hands, pallor of the face, coldnesB 
ot the surface, and iiTegular pulse, In about twelve hours all 
the Bymptoma had passed off. Hardmann " relates a case ot 
recovery in a lady, aged twenty-four, who took by mistake 
thirty or forty drops of the B.P. liniment of aconite, Free 
vomiting was induced and stimulants employed; recovery took 
place in about twelve hours. 

Fatal period. — Death generally occurs in from two to six 
hours, l)ut it miiy be delayed for twenty-four hours. 

Analysis and testa,— Aconitine can be extracted from vomited 
matters, the contents of the stomach, or from the viscera, by 
the general process for the extraction of alkaloids (see p. 254), 
Care must be taken, however, that the aconitine is not left for 
any length of time in contact with aUcahes, as it speedily under- 
goes decomposition under such conditions. Stevenson finds 
that aconitine cannot he detected in the viscera, in which it 
was known to exist, after they have remained alkaline for some 
1 JlTii. Med. Juur.. 1893. = lljid. 
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time from putrefactive decomposition. There are n^reui 
chemical testa for aconitine, the colour reactions that 1 
been described as occumng with phosphoric aiid sulphm 
acids being due to impudties in Ihe aconitinc experimetiMJ 
with ; pure aconitine does not give such colour reactioi 
The teats to re!}' oti are tlie peculiar and exQ-emely chi 
istio senaations imparted to the tongue, lips, and faiicmt, 
minute quantities of acouitine, and experiments on ii 

I. The taxte (m(.— The alkaloidal residue, obtained by ti 
process for extraction of alkaloids, aftei- the final cvapora 
of the chloi-ofomi and ether uiixUn'e should be dissolved iaj| 
few drops ot water acidulated with acetic acid. The aolutioOi 
necessary, may he fuither diluted, according to the araonnl i 
residue originally left. A drop of the solution should tlion be 
placed on the tip of the tongue. If aconitine be present, a 
peculiar tingling sensation of the tongue and lips is produced 
in a tew minutes, followed by a numbness, and if snnio of the 
hquid ha.s passed along the surface of the tongue to the fituccK. 
a sensation of sore throat or constriction of the fauces is felt. 
This effect constitutes a very characteristic and delicate test 
for the (ireaenco of aconitine. and is produced by a oingle drop 
of the B.P. tincture of aconite and by less than rn'no of a 
grain of the alkaloid. Stevenson states that }„'„„ of a {ri-,uii of 
English aconitine may be recognised by tliis test. 

II. The mouse Iea(.— Two or three drops of the solution of 
aconitine in water acidulated with acetic acid should be injected 
under the skin of a mouse, over the hack portion of one of the 
hind legs. Under the skin of another mouse a known quaridly 
of aconitine should be injecteth The syniptoius and the 
modes of dying displayed by the two mice should bo carefuUv 
watched and compared. Stevenson finds that ja'nn of a grmJu 
of crj-stallised aconitine so injected kills a mouse iu eiehtocfl 
minutes, 

III. Kundral' recommends as a test for aoonitine a solution 
^ of ammonium vanadate (two per cent, strength) in strong 

' Cluiinik. Heil., ISH:I. 
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fiulphuric acid. This gives with solid acooitiue n light cofTeo- 
hrown colour. This test, however, can only be regarded as of 
use as a coniirmatoi-j' tefit for aconitino, and not as estabiishiog 
the identity of the alkaloid. 

Vebatkum and Veratrine 

The veratnini plants are YeraitMn Album and Vfralrutii 
Virile (Nat. Ord, Melanthacete). These plants contain several 
alkaloids which have been investigated by Wright and the 
author. Of these the principal are veratrine and covadine. 
Commercial veratrine is impure, and is generally a mixture of 
veratrine and cevadine ; it is obtained from sabadilla seeds. 
Vonitrino is a violent sternutatory, a small quautity of it dissi- 
pated iu the form of dust in the air producing violent sneezing. 
The action of veratrine is at first that of a stimulant (o the 
motor nerves, quickly followed by paralysis of the motor nerve- 
endings. The character of muscular contractihty is altered in 
a peculiar manner, the contraction is a prolonged one, and the 
relaxation is also prolonged. The sensory nerves are similarly 
affected, being stimulated at first, but afterwards paralysed. 
The heart is slowed and the blood-pressure lowered from vaso- 
motor paresis or paralysis. Respiration is quickened at first, 
then slowed, and finally arrested from paralysis of the respim- 
torj' centres, death resulting from asphysia. 

Symptonu.— (i) An acrid burning sensation in the throat with 
a feeling of constriction ; burning pain down the cesophagus to 
the stomach, vomiting and great thii-st ; diarrhcea may occur 
with tenesmus, (ii) Feeble pulse with slowed respiration, (iii) 
Pupils sometimes dilated, sometimes contracted, (iv) Collapse 
with pallor, coldness of the surface and twitching of the muscles, 
(v) Consciousness is generally present till collapse sets in, but 
occasionally dflirium and stupor may 3uper\-ene early. Con- 
vulsions may also occur. 

Treatment aad antidotea. — The same as tor aconite poison- 
ing (see p. 305). 
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Foet-mortem appearanocB.- Nothing chciractGi-iiitic. 

Fatal dose, I>L-alli has taken place after takiug ttb( 
eighteen Hiaiiis of powdcTed veratrum root, but recoverj- ( 
occun'ed after much larger quantities of tlie root havp 1 
taken. Dison Mann ' mentions two cases of recovery iintlur 
treatment, after four gi'ains and a halt and nearly three grains 
of veratrine respectively had been swallowed. 

AualyuB and testa. — Veratrine is extracted from the conlonls 
of the- stomach or from the viscera by the usual process tar 
alkaloidal extraction (see p. 254). To the alkaloidal residue eo 
obtained the following tests may he apphed : — 

I. A small quantity of the alkaloid in the form of dust 
produces violent sneezing. 

II. A drop of strong sulphuric acid applied to solid veratrma 
in a porcelain dish produces a yellow lint, cbanging to reddish, 
and finally to deep crimson. This colour-chango is brought 
about immediately by heat, 

III. If strong hydrochloric acid be adde<l to solid veratrine. 
and the mixture heated, a red colour is produced. 

IV. Sulphomolybdic acid added to solid veralrino prx>dac«* J 
a reddish colour, changing to dirty brown, greenish, and fituUr | 
blue. 

Btu\cK Hellebore 

Ilellcborus Niger (Nat. Ord. Eanunculacoa;) is the i 
hellebore, or Chmtm/ts rose (Plate VII-) It is a drastic p|d 
tive, but is little used in this country. As a poison it ■ 
an irritant to the gastro-intestinal ti-act. 

Symptoms. ~ (i) Abdominal pain, vomiting and p 
(ii) Cold sweats, collapse, feeble pulse and d_YH|.mu.'a, (iii) 1 
pupils are genemlly dilated, (iv) Craitjps and con\-ulsioD8. 1 

Treatmont and uitidotes,— The stomach should be eiupl 
and washed out by means of the stomach-pump 
Wanuth should In; applied to the surface and stiiiiulmngj 
Lirphine mny be given by hj-podoruiic iBi 
''orciuiic il(d. and Toxicol. 
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Post-mortem appearances.— Nothing characterisiic. Inflam- 
mation of the mucous membrane of the stomach and intestines 
is generally found. 

Fatal dose. — Nothing definite is known. 

Fatal period. — Nothing definite is known. 

Analysis and tests. — Helleborin, one of the active principles 
of black hellebore, can be extracted from an acid solution by 
agitation with ether. The residue left on evaporation of the 
ether gives a bright red colour with strong sulphuric acid. 
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CHAPTER XVIII 

Poisoning by cocaine — Cocculus indicus— Conium (hemlock) — (Enantbe 
crocata (water dropwort) — Gicuta virosa (water hemlock) — ^£thusacjna- 
pium (fool's parsley)— Gelsemium (yellow jasmin)— Digitalis (foxglove) — 
Tobacco. 

Cocaine 

Cocaine is an alkaloid obtained from the leaves of Erythroxylon 
Coca (Nat. Ord. Erythroxylaceae). Cocaine exercises a paralys- 
ing action on the endings of the sensory nerves, and on that 
account is used to produce local anaesthesia. When absorbed 
into the circulation it paralyses the vagus, causing extreme 
rapidity of the heart's beats. Applied to the eye, or aft^r 
absorption into the circulation, it produces dilatation of the 
pupils. It first stimulates, then depresses, and finally paralyses 
the centres of the brain and spinal cord. It depresses the 
action of the heart and lowers blood-pressure, and finally pro- 
duces death from paralysis of respiration, or, according to Mosso, 
by tetanus of the respiratory muscles. It frequently causes a 
considerable rise of body temperature. Maurel,* who has made 
a series of experimental researches on the action of poisons on 
leucocytes, believes that death by cocaine is the consequence 
of the death of the leucocytes, or of modifications w^hich the 
latter sustain under the influence of that alkaloid. The results 
of more recent experiments made by him ^ show that the leu- 
cocytes become spherical, rigid, and increased in size under 
the influence of cocaine ; that the capillaries contract, and that 
thromboses and embolisms, particularly pulmonary embolisms, 
capable of causing fatal accidents, may be produced. 

' Bulletin TlUrapeuliqiic, 1892. - Sein. M4d,, 1894. 
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SymptODU.— (i) Extreme pallor and cyanoBiB, accompanied 
by cold sweats, (ii) Faintness, and occasionally vomiting, 
(iii) Pain in the priecordial region, (iv) The pulse is rapid at 
first, afterwards slowed, (v) Intermittent action of the heart and 
lahouredrespiration. (vi) Dilatation of the pupils, (vii) Unsteady 
gait, confusion of ideas, incoherence of sjjeech, with volubility 
and temporary doliriuun, may occur, (viii) Convulsions and un- 
consciousness may also occur. 

Treatment and antidotes.— If convulsions occur the inhala- 
tion of chloroform should be resorted to. Brandy should be 
administered, solution of ammonia should be applied to the 
nostrils, and ten minims of it given internally every five minutes 
till the collapse is overcome and the heart is recovering its 
normal action. The inhalation of three drops of nitrite of 
amyl has been recommended in cases of cocaine poisoning. It 
is, however, not of much use, and aometiraes does more harm 
than good. 

Foit-mortem appearanosB.— Nothing characteristic. Con- 
gestion of the viscera and of the membranes of tJie brain 
and spinal cord is generally present, duo to vaso- motor 
paralysis. 

Fatal dose. — About two-thii-ds of a giuin injected sub- 
cutaneously has caused the death of a woman, aged seventy- 
one, in five hours (Dixon Mann). Three grains and a half 
injected into the breast of a woman, preparatory to an opera- 
tion, produced death in twenty-four minutes. HaK a grain of 
cocaine, injected into the gum of an adult, has produced alarm- 
ing symptoms, which were relieved by application of ammonia 
to the nostnls. Gooding' relates the case of a negi'ess who 
developed alarming sjTnptoma aftur less than half a grain had 
been injected into the gum ; she recovered after hypodermic 
injections of ether and ammonia. 

Cocaine, after absorption into the system, is rapidly ehmi- 
nated by the kidneys ; should there, however, be extensive 
disease of the kidneys, elimination is more or less prevented, 
' r/«! Lancet. Ib8a, 
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and the poison, therefore, remains in the system. In a case' in 
which twenty grains of cocaine in solution were accidentally 
administered, hy the mouth, to a man, death took place about 
one hour after the administration. At the post-mortem exami- 
nation it was found that the left kidney was entirely destroyed 
from disease of long standing, and the other was in a tuber- 
culous condition. Mowat relates the case of a man, in whom 
serious symptoms of cocaine poisoning were produced by the 
injection of one-seventh of a grain of cocaine at the sides of a 
rodent ulcer of the eyelid, previous to operation. The symptoms 
consisted of pallor, dyspnoea, dilatation of pupils, weak and 
very feeble pulse, and clonic spasms. Serious effects have 
also followed the introduction of very minute doses of cocaine 
into the eye. 

Fatal period.— Death has occurred in twenty minutes after 
hj-podermic injection of three grains and a half of cocaine. 
Persons addicted to morphinism can take large quantities of 
cocaine, and in the case of a morphine kabitiU twenty-three 
grains of cocaine have been taken by hypodermic injection in 
one day. Dixon Mann ^ mentions a case in which recovery 
took place after forty-six grains of cocaine were taken into the 
stomach. 

Chronic Poisoning by Cocaine, and the Cocaine Habit 

The hypodermic injection of cocaine is now, imfortunately, 
a common habit, the craving for the drug by those who accus- 
tom themselves to its use being similar to the craving for 
morj)hinc. When used in this way, it produces at first agree- 
able sensations, together with feelings somewhat similar to 
those of slight intoxication ; these are succeeded by palpita- 
tion and irregular action of the heart. The constant use of 
cocaine induces depression and inaptitude for the work and 
cares of everyday Ufe. D^jerine mentions the case of a young 
man, aged twenty-six, who, beginning with subcutaneous 

• Tfie Lancet, 1889. ^ Forensic Med. and Toxicol. 
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injecltons of one-seventh of n, grain, grudually increased the 
quantity until he used seven grains for an injection. The 
injections produced agreeable senaations and sexual desire, 
followed by emission. On ono occasion he injected fifteen 
gi-ains of cocaine, and shortly afterwards tell down unconscious. 
Under treatment the patient recovered. 

AnalyuB and teits.- -Cocaine may be separated from the 
contents of the stomach or from the viscera by the usual pro- 
cess tor alkaloidul extraction (see p. 254). To the aUtaloidal 
residue left after the final evaporation of the chloroform and 
ether mixture, the foUowmg tests may be applied i — 

I. If a few di-ops of strong nitric acid are added to a small 
quantity ot soUd cocaine, or to one of its salts, and the mixture 
evaporated to drj-nesa on a water-bath, the residue gives, on 
stirring with a drop or two of a strong solution ot caustic 
potash in absolute alcohol, a distinct and i>eculiar odoiu", re- 
calling that of peppermint, or citronelta, or meadow-sweet. 
Da Silva, who first described this tost, considers it to be an 
extremely delicate one for cocaine, but the odour is scarcely 
distinctive enough to render the test by itself an absolutely 
rehable one. 

II. If to a tew drops ot strong sulphuric acid in a porcelain 
dish some powdered or crystallised rpsorcin he added, and the 
mixture moved to and fro a little, the subsequent addition of a 
small quantity of cocaine produces a splendid blue colouration, 
changing to a light rose colour on addition of caustic soda. 
Goeldner ' states that no other alkaloids give anything ap- 
proaching to tliis reaction. 

III. It a tew drops ot a five per cent, solution of chromic 
acid in water are added gradually to a solution of cocaine 
hydrochloride, each drop produces a precipitate which imme- 
diately retlissolves. If now a small quantity ot strong hydro- 
clilorio acid be added, a heavy yellow precipitate of c 
chromate is produced. This reaction is stated by Metzer* 
be peculiar to cocaine. 

■ Wia™. Zfil.. 34, 471. - KiiA., G97. 
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IV. The physiological test may be used by applying a 
solution of cocaine hydrochloride to the tongue or lips, when a 
feeling of numbness is produced, due to the local ansBsthetic 
action of the alkaloid. 

CoccuLUS Indicus 

Cocculus Indicus, or Levant Nut, is the fruit of Anamirta 
Cocculics (Nat. Ord. Menispermaceae). The kernel of the berry 
is the poisonous part, and the poisonous i)roperties are due 
to a neutral crystalline body named picrotoxin, which has an 
intensely bitter taste. Cocculus indicus is employed as a fish 
poison for the production of stupefaction, and for the Dialicious 
destruction of game. It is also illegally used to adulterate 
inferior malt liquors, in order to impart a bitter flavour, so that 
a smaller quantity of hops should be required in the manufac- 
ture of the beer, and to give it an intoxicating property, which. 
from its poorness in alcohol, it would not possess of itself. 
Cocculus indicus is a gastro-intestinal irritant, and also a 
stimulant to the cerebro-spinal centres, and on this latter 
account it possesses a powerfully convulsant action. 

Symptoms. — (i) Abdominal pain may occur, accompanied 
by nausea and vomiting, (ii) Faintness, giddiness, and thirst. 
(iii) Weak pulse, slow and laboured respiration ; unconscious- 
ness, if sufficient of the drug be taken. Convulsions may occur, 
with opisthotonos, and relaxation between the attacks. The 
convulsive attacks may be produced reflexly, and bear con- 
siderable resemblance to those caused by strychnine. The 
external application of cocculus indicus or of its preparations 
may produce poisonous effects. Many of the symptoms men- 
tioned above, together with a fatal result, have ensued from 
the application of a tincture of cocculus indicus to the scalp of 
a child for the destruction of vermin. 

Treatment and antidotes.— The stomach should be emptied 
and washed out by means of the stomach-pump or stomach- 
tube, or, if these are not procurable, an emetic of mustard and 
water should be given. To counteract the convulsive seizures, 
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chloral should be used, as in strjxhnine poisoning (see p. 279), 
or inhalations of chloroform may be given for the same purpose. 
Kossa states that paraldehyde is an etfectual specific against 
picrotoxin. 

Post-mortem appearances.— Nothing characteristic. The 
usual signs of gastro-intestinal irritation may be present. 

Fatal dose. -Nothing definite is known. 

Fatal period. — Death lias occurred in half an hour, but may 
be delayed for several hours. 

Analysis and tests. Picrotoxin can be extracted by means 
of ether from hydrochloric acid solutions. To the picrotoxin 
left after evaporation of the ether the following tests may be 
applied : - 

I. If picrotoxin in the solid state be moistened with strong 
sulphuric acid, it dissolves, giving a beautiful saffron-yellow 
colouration. On the addition of a small particle of potassium 
bichromate, the colour changes to violet, passing into brown. 

II. If solid picrotoxin be moistened with a little strong 
hydrochloric acid, the mixture dried on the water-bath, and the 
residue treated with a drop or two of strong sulphuric acid, on 
the subsequent addition of an excess of solution of caustic soda 
a brick-red colour is produced. 

III. Picrotoxin may be detected in beer by agitation with 
freshly precipitated lead hydrate, which forms a stable insoluble 
compound between the picrotoxin and the lead. If the lead 
precipitate be collected, washed, and dried, it gives, on moisten- 
ing with strong sulphuric acid, the saffi'on -yellow colour 
referred to above. The lead hydrate must be freshly prepared 
and well washed previous to use. 

CoNiuM oil Hemlock 

This poisonous plant is the Conium Maculatuvi (Plate VIII.), 
or spotted hemlock (Nat. Ord. Umbelliferaj). All parts of the 
plant are poisonous. Conium is the poison by which Socrates 
perished. Poisoning by conium is generally the result of 
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accident, the fresh leaves being occasionally used in soups in 
mistake for parsley. Conium very closely resembles in appear- 
ance * Fool's Parsley ' {^^Jthusa Cynai)iuin) (Plate IX.). The 
entire plants may be distinguished from one another by the 
dark purple spots which are found on the thicker portions of 
the stem of the conium or spotted hemlock, whereas no such 
spots are present on the stem of fool's parsley. These spots 
are not found on the stems or branches of conium if thev are 
much smaller than the little finger ; but, in the absence of the 
thicker portions of the stem, the two plants can be distinguished 
by the characters of the involucels around the flowers. In 
the case of conium, the involucels consist of very short 
bracts arranged around the flowers, which, at first sight, are 
scarcely visible ; whereas, in the case of fool's parsley, the 
involucels consist of long, slender, pendent bracts, which hang 
down on one side of each little gi'oup of flowers (see Plates 
VIII. and IX.) The active principles of conium are conine 
and methyl -conine. Conine is a liquid volatile alkaloid, 
and in the puie state is a clear, oily fluid, possessing a 
peculiar, unpleasant odour. When diluted with water, 
conine has a very characteristic smell, resembling very 
closely that of mice ; but in the pure condition the odour 
is more like that of the liquid found in a foul tobacco pipe. 
The motor nerves are especially attacked by conium, being 
paralysed from their peripheral terminations upwards to the 
nerve-centres. Death is due to asphyxia from paralysis 
of the respiratory nerv^es and depression of the respiratoiy 
centre. Methyl -conine abolishes the reflex of the spinal 
cord. 

Symptoms. — (i) Nausea, abdominal pain, vomiting, and 
diarrhoea, (ii) Headache, imperfect vision, dilated pupils. 
(iii) Sensation of weight in the extremities, with increasing 
muscular weakness, followed by paralysis spreading from the 
legs to the trunk, the arms not being so rapidly aff'ected as the 
other parts, (iv) Dyspnoea, with gi-adual slowing of the respira- 
tory movements, (v) Dysphagia and di'owsiness. (vi) Convul- 
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sions, coma, and even delirium, if death be delayed. The 
convulsions are generally asphyxial in their nature. 

Treatment and antidotes. — The stomach should be emptied 
by means of the stomach-pump or stomach-tube. If these are 
not available, an emetic of mustard and water should be given. 
Stimulants and external warmth should be employed, and strych- 
nine injected hypodermically. Artificial respiration should be 
resorted to, if necessary ; in severe cases, if persisted in, it may 
be the means of saving the life of the patient. 

Post-mortem appearances. — Special search should be made 
in the stomach and intestines for the leaves and fruits of the 
conium plant, which should then be identified by careful ex- 
amination with a lens or low power of the microscope. There 
are no characteristic post-mortem appearances. Redness of the 
mucous membrane of the stomach, and congestion of the lungs, 
are generally present. 

Fatal dose. — One drop of coninc is considered to be a 
poisonous dose, but no case has actually occurred to demon- 
strate this. 

Fatal period. — Death usually occurs in from one to three 
hours. 

Analysis and tests. — Conine is extracted from the contents 
of the stomach or intestines, or from the viscera by the usual 
process for alkaloidal extraction (see p. 254). On evaporation 
of the final chloroform and ether extract at a low temperature, 
the liquid alkaloid conine is left. To it the following tests may 
be applied. 

I. The od(Mr (see above). — Too much reliance should not be 
placed upon the odour of conine. Harley obseiTcs that caustic 
potash in contact with organic substances may frequently 
develop an odour which might be mistaken for that of conine, 
when the latter is absent. 

II. If conine be warmed with potassium bichromate and 
dilute sulphuric acid, butyric acid is produced, which may be 
recognised by its characteristic odour. 

III. If conine be dropped into a solution of alloxan, the 
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latter is coloured an intense reddish-purple after a few minutes. 
On standing, white needle-shaped crystals separate out. These, 
if collected and dissolved in cold caustic potash solution, pro- 
duce a bluish-purple colour, and emit a strong odour of the 

Conine. 

(Enanthe Crocata 

(Enanthe Crocata, or water dropwort (Nat. Ord. Umbellifera>), 
is one of the most poisonous of the umbelliferous plants. The* 
roots have l)een eaten in mistake for parsnip, and the plant has 
also been mistaken for celery. The plant is a very fatal one to 
animals, and oxen have not unfrequently been killed by eating 
it. Cameron ^ reports that forty-three oxen, after feeding upon 
some of the oenanthe crocata, were seized with foaming at the 
mouth, shivering, difficult breathing, spasms, and^nally death 
occurred in all the cases. 

Symptoms. — (i) Abdominal pain, vomiting, and diarrha?a. 
(ii) Slow feeble pulse, dilated pupils, collapse, and c\'anosis. 
(iii) Dehrium, insensibility, and convulsions. 

Post-mortem appearances. — The contents of the stomach 
and intestines should be carefully examined for portions of the 
plant. There are no characteristic post-mortem appearances ; 
as a rule, signs of inflammation of the stomach and intestines 
are present. 

Treatment. — The same as in cases of conium poisonin*^ 
(see p. 319). 

CiCUTA ViROSA 

Cicuta Virosa, or water Jievilock (Nat. Ord. Umbellifera?), is 
also one of the poisonous umbelliferous plants. The roots 
have been eaten in mistake for parsnip. 

Symptoms.— -These are somewhat similar to those of conium 
poisoning, and consist of vomiting, muscular twitching, a feeling 
of numbness, paralysis, laboured breathing, convulsions, and 
unconsciousness. 

Treatment. — The same as for conium poisoning (see p. 319). 

' The Lancet, 1873. 
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^THCBA CyNAPIUM, OR FoOL'b FaBSLEV 

j^thiisa Ci/najiium (Plate IX.), or fool's parsley, or lesser hem- 
lock (Nat. Ord. UmbelliferiE). is also one o£ the umbelliferous 
plants, the leaves of which have been gathered by mistake tor 
parsley. The symptoms ascribed to poisoning by this plant 
are somewhat similar to those of poisoning by conium, hut the 
experiments of Harley throw considerable doubt upon the 
possession of any poisonous properties by fool's pai-sley. After 
performing a number of experiments upon himself and on 
patients with the juice and various preparations of the plant, he 
came to the conclusion that it did not possess any poisonous 
nature. Quantities equivalent to three ounces of the fresh juice, 
and to six ounces of fresh herb, were administered at one lime 
without the production of any poisonous effects. Probably, 
in cases of alleged poisoning by ^thusa Cynapium, other 
poisonous umheUiferous plants may have been mistaken for it. 

Gelsemium 

Gelsemiiim Senijiervirens is the yellow jasmii'fi or jessamine 
of North America. A tinctui-e of the root is largely used in 
the treatment of neuralgia. Fatal results have occasionally 
resulted from the use of gelsemium. The symptoms somewhat 
resemble those produced by veratrine. Gelsemino, the active 
alkaloid, is a powerful mydriatic if dropped into the eye, It 
also exercises a paralysing effect on the spinal cord and 
respiratory centres. 

Symptoms.— (i) Dimness of vision, dilated pupils, and 

paralysis of the eyelids, (ii) Impairment of speech, and general 

prostration, (iii) Small and frequent pulse, laboured breathing. 

(iv) Trismus, clonic spasms, and unconsciousness may occur. 

Treatment — The stomach should he emptied and washed 

t by means of the stomach-pump or stomach-tuhe. If 

itber of these be procurable, an emetic of mustard and water 

should l>e administered. Stimulants such as brandy or ether 

should he employed. Hj-podermic injections of morphine have 
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been recommended; on the other hand, the use of atropine 
or strychnine hypodermically as a respiratory stimulant has 
been advised. Foy ^ found that nitroglycerine was a rapid 
and perfect antidote. 

Post-mortem appearances. — Nothing characteristic. 

Fatal dose.— Half an ounce of the tincture of gelsemium 
and three teaspoon fuls of the fluid extract have respectively 
caused the death of an adult ; thirty-five drops of the tincture 
have caused the death of a young child. 

Fatal period. — One hour is the shortest known fatal period ; 
several hours may elapse before death occurs. 

Analysis and tests. — Gelsemine may be extracted by the 
usual process for alkaloidal extraction (see p. 254). Gelsemine 
behaves almost exactly like strychnine in its colour reactions 
with sulphuric acid and an oxidising agent, such as manganese 
dioxide or potassium bichromate. It may be distinguished 
from strychnine by the two following tests : 

I. Gelsemine gives, with strong sulphuric acid alone, a green 
colour changing to red ; strychnine is unaflfected by sulphuric 
acid alone. 

II. Gelsemine gives, when evaporated with strong nitric 
acid, a bluish-gi*een colour ; strychnine does not. 

Digitalis 

Digitalis Purpurea (Plate X.), or foxglove (Nat. Ord. Scro- 
phulariaceae), is a plant growing wild in this country' and in 
most of the countries of Northern Europe. Its chief poisonous 
properties are due to a glucoside digitaUn, and in addition it con- 
tains digitoxin, digitonin, and digitalein. Of these, digitoxin, 
according to Kopp, is from six to ten times stronger in its toxic 
effect than digitalin. In poisonous doses digitalis acts as a 
heart poison, causing death by paralysis of the heart. 

Symptoms. — (i) Abdominal pain, nausea, vomiting, and 
occasionally purging, (ii) Surface cold and clammy, vertigo, 

' Med. Press and Circ, 1886. 
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disordered vision, dilated pupils, prominent eyes, and noises in 
the eai-B. (iii) The pulse is generally full and slow if the patient 
remain in the horisiontal position, but becomes rapid and feelilo 
if the patient sit up. The mere raising of the head may pro- 
duce a fediiig of s^-ncope, and the standing upritjht of thu 
patient may bring on an immediately fatal attack of syncope. 
(iv) Delirium, stupor, or convulsions are apt to come on just 
before the occun-ence of death. It should be borne in mind 
that the liability to syncope remains for some days after the 
initial effects of the poison have passed away. 

Treatment and antidote.— The stomach should be emptied 
and washed out by means o( the stomach-pump or stomach- 
tube. If neither of these be procurable, an emetic of mustard 
and water should be administered. External warmth should be 
applied and stimulants given. Possibly aconitine might be of 
service as an antidote in cases of digitalis poisoning ; certainly 
digitalis is a useful antidote in cases of aconite poisoning; and, 
when the heart of a frog has almost ceased to beat under the 
influence of digitalis, its movements may be restored by aconi- 
tine. Up to the present, however, no case of digitalis poisoning 
has been recorded in which aconitine has Ijeen tried as an 
antidote. After the immediate effects of the digitalis have 
passed away, the patient should be kept in the recumbent 
position for several days, on account of the liability to syncope. 

Fott-mortem appearanoea.— Nothing characteristic. Inflam- 
mation of the mucous membrane of the stomach and intestines 
may lie present. Careful search should, however, be made for 
portions of the leaves in the contents of the stomach and 
intestines. 

fatal doM. — Thirty-eight grains of the powdered leaves and 
nine drachms of the tincture of digitalis have proved fatal. 
Probably from a quarter to halt a grain of digitalin would 
prove fatal to an adult. 

Fatal period. — Death has occurred in three -quarticrs of an 
hour after swallowing a large dose of digilaha. As a rule. 



326 TOXICOLOGY 

Treatment and antidote. — The stomach should be emptied 
and washed out by means of the stomach-pump or stomach- 
tube ; if neither of these be procurable, an emetic of mustard 
and water should be administered. Stimulants should be given, 
external wamth applied, and artificial respiration resorted to 
if necessaiy. Hypodermic injections of strychnine should be 
used to counteract the paralysing effect of the poison. 

Post-mortem appearances. — The odour of the poison may 
be detected in the contents of the stomach, or in the vomited 
matters. Inflammation of the mucous membrane of the 
stomach and intestines is generally present, together with, as 
a rule, congestion of the liver, lungs, and brain. The blood is 
usually dark and liquid. 

Fatal dose. — Probably from one to three drops of pure 
nicotine would be fatal to an adult in a few minutes. In the 
combustion of tobacco for smoking purposes, most of the 
nicotine is converted by the heat into pyTidine bases. It was 
formerly doubted whether any nicotine was present in tobacco 
smoke, but the researches of Melsens and Kissling have proved 
its presence in a proportion equal to about one-seventh of that 
present in the original tobacco, the remaining six-sevenths 
being converted principally into pyridine bases. Fatal poisoning 
has resulted from tobacco smoking. A boy smoked a pennv- 
w^orth of twist tobacco and afterwards became very^ sick ; 
some hours later he was found dead in bed.^ Blyth mentions 
the occurrence of death in the case of two brothers who 
smoked from seventeen to eighteen German pipefuls of 
tobacco. 

Fatal period. — Dixon Mann mentions a fatal case of nicotine 
poisoning in which death occurred in three or four minutes. 
In the case of Count Bocarm^, who poisoned his w^ife's brother. 
Fougnies, with nicotine, death took place in five minutes. An 
enema of tobacco has caused death in fifteen minutes. Snuff 
swallowed in whisky has caused death in one hoiu". 

Analysis and tests. — Nicotine can be extracted by the 

' The Lancet, 1885. 
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usual process for alkaloidal extraction (see p. 254), and is left 
as an oily liquid on evaporation of the final chloroform and 
ether extract at low temperatures. To the liquid so obtained 
the following tests may be applied, after dissolving it in dilute 
hydrochloric acid. 

I. Solution of mercuric chloride gives a white crystalline 
precipitate changing to yellow. The crystals when viewed 
under the microscope show a beautiful and characteristic 
stellate appearance, the different crystals exhibiting various 
patterns. 

II. If a solution of iodine in ether be added to an ethereal 
solution of nicotine, long needle-like crystals form after some 
hours. 

III. On the addition of a solution of caustic potash to a 
solution of nicotine hydrochloride, a strong tobacco-like odour 
is developed on warming the solution. 

Nicotine is apt to be mistaken for conine, but can be 
distinguished by (ii) mercuric chloride solution, yielding a 
crystalline precipitate with nicotine, and an amorphous pre- 
cipitate with conine ; (^) platinic chloride, which throws down 
a yellow precipitate, becoming crystalline on standing in the 
case of nicotine, but yielding no precipitate with conine. 
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CHAPTER XIX 

Poisoning by lobelia— Colchicum— Stavesacre — Labamum — Mezereon— Yew 
— Primula —Horse-chestnut —Tansy -Jaborandi — Calabar bean —Nut- 
meg — Curare — Savin —Male fern — Santonin. 

Lobelia 

Lobelia Inflata is also known as Indian tobacco (Nat. Ord. 
Lobeliaceae). The leaves and seeds are the parts used. Thev 
owe their activity to an alkaloid lobeline, which is a yellowish 
Uquid. In poisonous doses lobeha acts as a gastro-intestinal 
irritant, and as a depressant. It is a drug that has been, and 
is still, used by ignorant quacks and herbalists. 

Symptoms. — (i) Nausea and vomiting; purging sometimes 
occurs, (ii) Cold sweats, prostration, small feeble pulse, con- 
tracted pupils, (iii) Stupor, occasionally convulsions, coma. 

Treatment and antidote. — The stomach should be emptied 
and washed out by means of the stomach-pump or stomach- 
tube, or, if neither of these be procurable, an emetic of mustard 
and water should be administered. Stimulants should be 
given, and warmth applied externally. Hypodermic injections 
of strychnine may be employed to counteract the depressing 
effects of the drug. 

Post-mortem appearances. — These are very similar to those 
caused by tobacco (see p. 326). 

Fatal dose. — One drachm of the powdered leaves has 
proved fatal to a male adult. 

Fatal period. — Death has occuned half an hour after 
taking an infusion of lobelia. 

Analysis and tests. — Lobeline may be extracted in a similar 
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way to nicotine. To the liquid alkaloid so oblainetl the XoV 
lowing testa may be applied : — 

I. Strong sulphuric acid produces with lobeline a red 
colour. 

II. Lobeline gives with sutphoniolybdic acid a. violet 
colour. A similar colour is given by morphine, but morphine 
is a solid substance, lobplino a. hquid ; moreover, morphine 
does not give a red colouration with strong sulphuric acid, jia 
loljcline dots. 

CoLCHicrii 

Cofc/iM;j(w*ji«(«i«)t«it; (Plate XI.) is the wic(ui<My sajfrow (Nat. 
Ord. Melanthacete). The corm, or underground stem, and the 
seeds are the parts used in medicine. The active principle of 
colchicum is an alkaloid colchicine. In large doses colchicum 
is a powerful gastro- intestinal irritant. 

Bymptomi.— (i) Burning pain in the throat and stomach, 
(ii) Great thirst, vomiting, and purging, with severe coUcky 
pains, (iii) Collapse, cramps, rapid and feehlo pulse, dilated 
pupils, pale or cyanosed fiice. (iv) Muscular spasms and 
convulsions sometiines occur. The mind is usually clear to 
the last, but delirium followed by stupor may occasioualty 
supervene. 

Treatment. — The stomach should be emptied aud washed 
out by uieana of the stomach-pump or stomach-tube ; if 
neither of these be procurable, an emetic of mustard and water 
should be given. Stimulants should be administered, warmth 
applied externally, and artificial respiration carried on, if 
necessary. If the colicky pains are severe, a hypodermic 
injection of niorpliinc should be used to relieve them. 

FoBt-martem appearances.' Nothing charnctenstic ; inflam- 
niatioii of tliu mucous membrane of the stomach aud intestines 
is generally present, and congestion of the lungs has also been 
noticed. 

Fatal doM.— One tablespoonful of the seeds, forty-eight 
grains of the dried coi'm or bulb, and three teaspoonfuls and a 
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*half of colchicum wine have respectively proved fatal. Reese • 
states that less than half a grain of colchicine has proved fatal. 
On one occasion a woman, aged forty-Jihree, swallowed about 
six grains of colchicine, and died in thirty-one hours. 

Fatal period. — Death has occurred in seven hours, and has 
been delayed for several days ; it generally occurs within 
twenty-four hours. 

Analysis and tests. — Colchicine is extracted from an acid 
solution by agitation with chloroform. To the residue left 
on evaporation of the chloroform, the following tests mav be 
applied : — 

I. Strong nitric acid gives with colchicine a violet colour, 
changing to blue and brow^nish -green. If the violet solution be 
diluted with water, it changes to a yellow colour, which, on the 
addition of solution of caustic soda, becomes orange -yellow or red. 

II. Strong sulphuric acid gives with colchicine a vellow 
colour, which, on the addition of a drop of nitric acid, chan^^es 
to green, violet, and finally reddish-brown. 

Colchicine resembles veratrine in many of its properties, 
but the two alkaloids may be distinguished by the different 
colour reactions given with strong sulphuric acid. 

Stavesacre 

The seeds of Delphinium Staphisagria^ or stavesacre (Nat. 
Ord. Ranunculaceae), contain tw^o poisonous principles, del- 
phinine and staphisagrine. The seeds may act as a gastro- 
intestinal u'ritant. 

S3^ptoms. — Feeble pulse, collapse, with cold surface, 
laboured breathing, and dilated pupils. 

Treatment. — The stomach should be emptied and washed 
out, or emetics should be employed. 

Laburnum 

Cj/tisus Laburnum (Nat. Ord. Leguminosas) is the common 
laburmnn tree, grown so extensively in gardens and parks in 

* Med, Jurispr. and Toricol,, 1891. 
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t)iis couDtry. All parts of itie plant ore poisooous, nud casea 
of poisoning have arisen from persons chewing and swallowing 
portions of the flowers, seeds, and roots. The poisonous 
properties of laburaum are due to an alkaloid cytisine. 
Cytisine is an irritant narcotic, and exercises a stimulating 
action at first upon the nervous system, followed hy a 
paralysing effect. If death occur, it is due to asphyxia, from 
paralysis of tlie I'espiratory centres. Death has resulted from 
swallowing both the bark and the seeds. Poisoning by 
laburnum especially occurs among children from eating or 
chewing the root or seeds, which possess a sweetish taste. 

Symptoms. — (i) A hot feeling in the throat, followed by 
thirst and epigastric pain, (ii) Vomiting and diarrhcea. (iii) 
Generally collapse occurs, with a cold moist surface, a feeble 
irregular pulse, and laboured respiration, (iv) The pupils are 
usually dilated, but are oooasionaUy contracted. (v) Pro- 
stration, drowsiness, and coma supervene; delirium and con- 
vulsions also occasionally occur. 

St. Johnston ' descrilies six cases of lahunmm poisoning 
occurring in children whose ages ranged from five to eleven 
years. The symptoms of poisoning in some of them were very 
severe, and were produced by eating from one to ton seeds by 
individual children. Taylor mentions two eases of poisoning 
in children from eating lahunmm flowers ; in both cases 
recovery took place. 

Treatment and antidote. ^The stomach should be emptied 
and washed out by means of the stomach-pump or stomach- 
tube, or, if neithei' of these be available, an emetic of mustard 
and water should be given ; stimulants should be administered, 
and external warmth apphed. To counteract the paralysing 
effect of the poison, hypodermic injections of strychnine should 
be given. Artificial respiration must be resorted to if n 

Post-mortem appearances. -Nothing characteristic. 

Fatal dose. Nothing definite is known. Stewart^ 
tions the case of a child, aged two years and a half, who 
' BHl. Med. Jailr., 18111. ' J6irf., lS8ft. 
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swallowed from sixty to seventy laburnum seeds, which were 
rejected after the administration of emetics ; in the course of a 
few hours the child completely recovered. 

Fatal period. — Death has occurred within an hour, and, on 
the other hand, has been delayed for seven days. 

Analysis and tests. — The alkaloid cytisine can be isolated by 
the general process for alkaloidal extraction (see p. 254). Chloro- 
form is the best solvent of cytisine, and should be employed in 
place of the chloroform and ether mixture. To the residue left 
on the final evaporation of the chloroform extract, the fol- 
lowing tests may be applied : — 

I. If some of the cytisine be dissolved in a few drops of 
very dilute hydrochloric acid, and ferric chloride added, a red 
colour is produced. On the addition of a few drops of peroxide 
of hydrogen solution, the red colour disappears, and, on 
warming the colourless liquid, a blue colour is produced. 

II. If cytisine be dissolved in a few drops of stron*^ 
sulphuric acid in the cold, and a drop of nitric acid added, a 
yellow colour is produced. 

III. If cytisine be dissolved in a few drops of strong 
sulphuric acid in the cold, and a fragment of potassium bi- 
chromate added, a yellow colour is produced, changing to 
brow^n, and finally to green. 



Mezebeon 

Daplme Mezereum (Nat. Ord. Thymelacese) is commonly 
grown in gardens. The berries are occasionally the cause of 
accidental poisoning among children; the juice contains a 
powerful in'itant and acrid substance. 

Symptoms. — The symptoms produced by eating mezereon 
beiTies are as follows : (i) Burning pain in the mouth and throat. 
The mucous membrane of the mouth, tongue, and throat may 
after a few hours, become whitened in appearance, or be raw 
and swollen. Vomiting generally occurs, (ii) Prostration 
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pallor of the face, dilated pupils, and feeble pulse, (iii) Drowsi- 
ness and convulsions may supervene. 

Treatment. — The stomach should be emptied and washed out 
by means of the stomach-pump or stomach-tube. If neither of 
these be available, an emetic of mustard and water should be 
f^ivon. This treatment should he followed by a dose of castor 
oil to expel any of the Iwrrles from the intestines. Stimnlanta 
and external warmth should be employed. 

Fatal dOM.— Linn^ records an instance of a little girl 
who died after eating twelve berries. 

Yew 

The yeK, or Tarns Ba^cala (Nat. Ord. Taxaceie}, is one of the 
coniferous plants. The leaves and beiTies are the principal 
poisonous parts of the plant, and owe their properties to the 
presence of au alkaloid tasine. This substance is an irritant 
narcotic poison, and death is due to paralysis of the respii-atory 
centres. A decoction of yew is occasionally employed by 
ignorant people with the object of bringing on menstruation, 
or of procuring abortion. It is not an uterine stimulant, and 
frequently, when taken for either o( these pui-poses, has caused 
death. 

Carruthers states that children can eat the fleshy parts of 
the berry with impunity, but that when the thin crust sur- 
rounding the seed is broken, and the seed itself crushed and 
swallowed, fatal results have ensued. Several deaths have 
occurred amongst animals from eating the foliage of yew trees. 
According to Stuart Wortley, taxine, the poisonous principle, 
is contained chiefly or entirely in the male yew. The experi- 
ments of Munro, however, do not entirely confirm this, as, 
although he obtained a greater quantity of crude taxine from 
the male leaves than (i-oni the female, he is of opinion that the 
successive stages of purification may have caused an actual 
alteration in composition. 

Symptomi.— (i) Abdominal pain, vomiting, and collapse, 



33+ TOXICOLOGY 

accompaaied by dilated pupils and pallor of the faoe. 
Vertigo, laboured biealhing, small and irregular pulse. 
Spasms, convulsion R, and occasionally deliriutii. 

Treatment.- The stoinaoh should be etnptJcd and wsf 
out by means of the slo much -pump or fitoriia«h-tubc, 
neilher of those be procurable, an emetic of inuKliuxl ntid v 
should be administered. Stimulants and external warn 
should be employed, and an aperient, such as castor oil, shin 
be given to i-emove any of the parte of the plant that nuiy \ 
passed into the intestines. 

Fott-mortem appearaaoeB. — Careful search should bu i 
for frafJmeiits of the leaves and seeds. Apart from the findi 
of these, there is nothing characteristic of yew poiaoninR ; 
fiammation of the mucous membrane of the stomnch has h 

Fatal doae. — Taylor mentions a cose of a lunatic woi 
who died after eating some bits of yew leaves. The portioi 
of the leaves taken from the vomited matters, and found \_ 
the stomach and intestines after death, did not amount laa 
teaspoonful, thus demonstrating the fact that yew leaves i 
in a small quantity prove a fatal poison. 



Pkimcla Obconica 

rrlniitlti Ohconica is a variety of primrose, the blossoms C 
which are used in funeral isTeatha. The leaves of this plat 
applied to the skin are capable of producing a dermatitis, vbl 

is ver\- liable to be mistaken for acute eczema, or for erysi 

ji In the cases of gardeners working with the plant, the piuts firet 

I attacked are the back of the hands and lingers, and the erupiicui 

I may extend thence to the forearms, or the irritant sub»lunc« 

W may be transfeired by means of the fingers to other piw-ia, such 

I as the eycfl, mouth, and nostrils. The rash produced tiiav be 

I either a ditTuse erythema, or it may occur in red urticarial 

B patches, or it may take the form of small papules od a raised 

H base. The irritant properties soem to reside chiefly ig a^f 
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leaves, on the surface of which there are glandular haira, which 
probably contain some Becvetion that is the cause of the mischief. 
With some people, the touch of the leaves is suflicient to pro- 
duce the eruption. Ackland ' iiieutions the case of a lady, whu, 
on passing a bunch of the leaves lightly around the middle of 
the forearm, was able to produce an eruption consisting o( small 
papules on a raised base ; the eruption appeared about twelve 
hours after contact with the leaves, and produced almost 
intolerable itching. Amonffstgardenei-stheplant is well known 
to affect certain individuals, Pooley ^ mentiona the case of a 
gardener who did not suffer any inconvenience from handling 
the Primula Obconica until after hu attack of erysipelas, which 
he considers rendered the patient susceptible to the peculiar 
influence of the plant. 

HoRaE-CHESTNDT 

The green rind of the horse-chestnut is occasionally eaten 
liy children, and may produce poisonous symptoma, Its active 
properties are due to a poisonous substance named lesculin. 
The following symptoms have been produced by eating the 
green rind of the horse-chestnut : flushed face, full pulse, 
widely dilated pupils, drowsineaa, anddelirium. The treatment 
consists in emptying the stomach by means of the pump or 
tube, or by an emetic. 

T.\NHY 

Tanacetum VuUjare, or tansy, is a herb belonging to the 
Nat. Ord. Composite. The leaves and volatile oil have a 

reputation among ignorant people as an emmeuagogue and 
ecbolic. Preparations of the plant ai-e also used as an anthel- 
mintic. Tansy Is [Kjisonous, and death has resulted from the 
use of its oil. 

BymptOBU.^ (i) Collapse, cyanosis (the cheeks have oc- 
casionally been Hushed), dilated pupils, restlessness, (ii) The 
pulse and respirations are ijuickened. (iii) Convulsions. 
' JTir Laru:el, 1893. ' Ibul. 
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Treatment. — The stomach should be emptied and washed 
out by means of the stomach-pump or stomach-tube, or an 
emetic should be administered ; stimulants and external warmth 
should be employed. 

Post-mortem appearances. — The characteristic odour of the 
oil can be detected in the stomach and intestines, and usually 
on opening the cavities of the body. 

Fatal dose. — Half an ounce of the oil of tansy has kiUed a 
pregnant woman within two hours. The dose was taken with 
the object of bringing on abortion, but death occurred without 
expulsion of the contents of the uterus. About eleven fluid 
drachms of the oil have also caused the death of a woman. A 
drachm and a quarter has caused severe symptoms, from 
which recovery eventually took place. 

Jaborandi and Pilocarpine 

Jaborandi consists of the dried leaflets of Pilocarpiis Pennati- 
folius (Nat. Ord. Rutaceae). The active properties are due to 
an alkaloid pilocarpine. Jaborandi and pilocarpine are powerful 
sialagogues and diaphoretics, considerably increasing the pro- 
duction of saliva and sweat. In addition, pilocarpine stimulates 
the motor nerves of the involuntary muscles, and produces, as 
a rule, contraction of the pupils and increased peristalsis. 

Symptoms. — (i) Flushing of the surface followed by copious 
perspiration, salivation, increased secretion of mucus in the 
nose and bronchial tubes, lachrymation. (ii) Cardiac oppression, 
pulse quickened at first, dyspnoea, (iii) Nausea, vomiting, and 
great thirst, (iv) Contracted pupils, with spasm of accommoda- 
tion, (v) Prostration,giddiness, occasionally mental disturbance, 
which is generally accompanied by hallucinations. 

Treatment and antidotes. — If the poison has been taken by 
the mouth, the stomach should be emptied by means of the 
stomach-pump or stomach-tube, or an emetic of mustard and 
water should be administered. To counteract the effects of the 
absorbed poison, atropine should be employed as an antidote, 
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^o to ^0 of ft (^ain of atropinu eniphale btiiig injected hypoder- 
mically in successive doses until the pupils begin to dilate, and 
the excessive sweating diruinishes ; or the same effect may be 
produced by administration of tincture of belladonna in twenty- 
tive minim doses by the moutli. If there be much prostration, 
stimulants should be administered and wai'mth applied. 



Calahau Bkas and Physohtiumixe oh Eslbine 

Calnbiir Biuin is the ordeal beun of Calabar, and consists of 
the seeds of Pki/soslujma Vencnoxum (Nat. Ord. Leguminosie). 
Calabar bean owes its active properties to an alialoid phyao- 
stigmine, also named eserine, which is used in ophthalmic 
practice for producing contraction of the pupil. As a poison, 
calabar bean, or its active principle eserine. acta as a spinal 
depressant, producing paralysis. Death is due to paralysis of 
the respiratoiy centres, and consequent asphj'xia. It also causes 
contraction of the pupil, laboured breathing, and occasionally 
convulsions. 

Bymptonu.— (i) Giddiness, faintness, epigastric pain, and 
usuall^' vomiting, (ii) Prostration, feeble action of the heart, 
with a small slow pulse, and cold and moist surface, (iii) Pupils 
generally contracted, with spasm of accommodation, (iv) The 
mind is generally clear, but drowsiness, and even unconscious- 
ness, occasionally occur. Leibholz ' records the cases of two 
girls who each swallowed in solution three-quarters of a grain 
of physostigmine sulphate ; half an hour later they suddenly 
became unconscious, and the pupils were widely dUated. This 
dilatation lasted more or loss for several days, and recovery 
eventually took place. These two cases are peculiar, as 
dilatation of the pupils was recorded for the first time in 
connection with physostigmine poisoning. Occasionally eserine 
(physostigmine) has produced symptoms of poisoning after a 
solution of it has been dropped into the eyes for ophthalmie 
purposes. 

' VitrleljohTsschT. f. ger. Med.. 1S92. 

VOL. I. Z 
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Treatment and antidotes.— If the poison has been taken by 
the mouth, the stomach should be emptied and washed out bv 
means of the stomach-pump or tube, or an emetic of mustard 
and water should be administered. To counteract the effects 
of absorbed poison, atropine should be employed as an antidote 
id to 3V of a grain of atropine sulphate being injected h\3)oder- 
mically in successive doses until the pupils begin to dilate'; or the 
same effect may be produced by the administration of tincture 
of belladonna in twenty-five-minim doses by the mouth. If 
there be much prostration, stimulants should be administered, 
and warmth applied ; artificial respiration should be resorted 
to if necessary. 

Fatal dose. — Six beans have proved fatal to a boy aged six. 

Analysis and tests. - Eserine may be extracted by the general 
process for alkaloidal extraction (see p. 254), benzene beimr 
employed as an ultimate solvent in place of the chloroform and 
ether mixture. To the residue obtained on evaporation of the 
benzene extract, the following tests may be applied : 

I. If an aqueous solution of a salt of eserine be heated to 
boiling, and then strong nitric acid added, a yellowish or orange 
solution is obtained. This colour changes on addition of excess 
of caustic soda to a beautiful violet. On acidulating the 
solution the violet colour is discharged, to be again restored on 
addition of more alkali. 

II. If a small quantity of eserine, or one of its salts be 
evaporated in the presence of excess of solution of ammonia a 
blue residue is obtained. This, dissolved in dilute acids, produces 
a red-coloured liquid, which, in reflected light, exhibits a 
beautiful red fluorescence. 

III. Bromine water added to a solution of eserine produces 
a red or orange coloured turbidity, which clears up on 
warming. 

IV. Physiological test.— This consists in introducing a droD 
of an aqueous solution of eserhie into the eye of a rabbit 
small cat, when contraction of the pupil is produced. This t t 
may be repeated on the human eye. 



Nutmeg 

Nuttueg, which is commonly used »s a flavouring agent, ia 
harmless in small quantities, but if taken in excessive quantities 
it may produce poisonous efTects. Id poisonous doses it may 
produce either drowaineas, which mivy pass into uneonscioua- 
uesB, or, on the other hand, it may act as a delJrianC. A few 
cases of nutmeg poisoning— none of them fatal— have been 
recorded. Sawyer ' describes a. case of a boy, three yeara old, 
who ate portions of live nutmegs ; he became dizzy, and finally 
unconscious, and slept for tliirty consecutive hours. ■ Benilip' 
records a case of a farmer, who took one evening the whole of 
a nutmeg grated up and mixed with milk : early the next 
morning he was seized with giddiness, inabihty to stand, great 
pain in the head, great thirst, numbness of the hmbs. somewhat 
contracted pupils, and inability to distinguish objects around 
him. After the administration of ten grains of calomel, followed 
two hours later by an ounce of castor oil. the patient rapidly 
recovered, lieading" relates a case of a lady, three months 
pregnant, who took three powdered nutmegs with the idea of 
procuring an abortion. The symptoms consisted of vomiting 
and delirium, accompanied by hallucinations ; intermittent 
delirium continued for twenty-four hours, when she recovered 
without abortion having taken place. Simpson * reports a case 
of a woman, aged twenty-six, who took two nutmegs, bruised, 
in a small quantity of gin, with the object of procuring a mis- 
carriage. Similar symptoms to those above described occurred 
The woman recovered, free vomiting having taken place. 



This substance is an extract prepared from the bark of 
Strychnos Toxifera, a native of Guiana. The extract, which 
is a black shining brittle mass, is the Indian arrow poison, and 

' A'ffiu York Med. Jour,, IUB'J. ' Jiut. Med. Jour.. ISb'J. 

* Tlirrap. Gat., 18'J2. ' The L<iiic£l. IHUJ, 
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ig prepared by different tribes of Indians in South America. 
Curare ia also known under ihe names of cutari, tnmntli. 
woorara, and unci. Curare exerts both a paiulysing oaA 
teianising action, but its principal poisonous properties are doe 
to its paralysing action upon the motor ner^-ea, death resuUini: 
from asphyxia caused by paralysis of the muscles of respiraliaa 
It is possible thai curare contains two active alkaloids, une 
having a paralysing and the other a tctanising action. It his 
been stated that cuiare does not act as a poison whun taken 
into the stonmch, hut only when administered hypodennicallj 
What is more prubably the case is that n dose caJi he ttkea 
by the stomach without injury, which would, if f(iveii sul>- 
cutaneously, produce \-iolent symptoms, and even death. The 
explanation of this is probably found in the ready excretion d 
curare through the kidneys; if taken by the stomach, onijr 
sniall quantities of it pass h-om the stomach into the circtitatioc 
at a time, whereas if aubcutaneously injected the whole of ih* 
poison is at once introduced into the circulation, and so produces 
its effect upon the nervous system. The active principle of 
curare ia an alkaloid curarine. With strong nitric acid cunuine 
gives a de*p red or purple colour. With concentrated sulphune 
acid it gives a lasting deep blue or violet colour. Curann« 
can be distinguished from strychnine by the colour that it give* 
with nitric acid or with sulphuric acid, and also !>y the fact 
that potassium bichromate produces an amoq>hous preci 
of curarine chromate, whereas slr^'chnine cbrouiatc ia a 
taUine precipitate. 

Savix 

Savin (Plai« XII.) consists of the leaves and tope of 

2)erus Sabino {Nat. Ord. Coniferui). Ji contains a >'elluw 

tile oil, the oil of saviti. Doth the powdered lops aitd th<- nil 
aie iMWerfid irritants. They are supposed by ignomiit piTson* 
to possess ponertnl ecbolic properties, and arc froqueiitly takeo 
with the object of procuring abgrtlon. In the form of powdered 
savin, or as a decooliou or infusion of the savin tops, or as tlM 
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SA17N Ml 

oii. The uw of Bavin, or its oil, genorally results in thff illnCM 
or <l<';Hh of iht woman, wlthntit alimtioii hikviii^ Iwcn efTwitwl. 
If iitfiiiic coiitinctinn^ aiv sc-l up h\ uavin, ami tlip contt'im of 
till- utctu'i fxp(l!«-i], tlif result is broiiylil ul>oiit hy thi^ jiowiTfiil 
iiTitant tfTtct of the siivin upon \\v- stomach and intPMin>"*, 
causing; a retlex coiiliaction o( the utertis from Hlimulation n( 
thu synipiith(?tic iiene-endingB. In such a case the expulsion 
of the contents of the utfi-iis is almost certainly fullowcti hy 
the lUath of the woman, iiml death is nfnenilly pr>-viilt-<l hy 
ha?moriha<;e. Kavin is a dnig which should not Is- Kiven to 
pregnant women. In the case of lifij. v. ililliin/hiim iiwt 
Ni'jhliii't'ilf (Stafls. Ass., 189:1), the two prisoners w.-re con- 
victed of the administriition of pills to a yiinnn woman with 
the objfct of procuring nlwrtion. The pills werrr analystsl hy 
Bostock Hill and the author, and were found to contain oil of 
savin and draifon'ts hlood. Their administration product-d in 
the vvf)niaii pain, vomiting, and diaiThci-u. hut did not procure 
ahortion. 

Symptoms.— The symptoms of jMisoning hy savin are mainly 
those «{ giistro-iniestinal irritation, and consist of a hurnini; 
sensation in the throat and stomach, vomiting. diairlKia, anil 
strangiini-. Collapse, laboure<l respiration, and coma occa- 
sionally occur. 

Post-mortem appearsncei.- Portions of the leuvi^s or jiow- 
dered stems may Ik discovered in the contents of the stomach 
or intestines. If a portion of the crushed or [>()Wder<s1 sti-m Id- 
found, it should \n; examined under the niicrc>sco[)i.' for th<- disc- 
bearing \\mm\ cells that are found in the woo<l of cotiifcmnt 
plants. As a rule, inflammation of the mucous nienihrane "t 
the stomach and intestines is found, hut it is not invariahly 
present. 

Terts for oil of sann. -I. The peculiar terebinth in, >tv 
odour. 

II. With strong sulphuric acid it gives a dark hrv*n r',!'.-,r. 
On diluting the coloured liquid with di-'iliMl w »•'■?. a ■■.- ^ 
white precipitate settle*. Tl.> If-r j^.r:-,.'. of ;.-.■; •— ■ - 
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useful as a confirmatory reaction, but is not to be relied upon 
as being diagnostic of the presence of oil of savin. 

Male Fern 

The rhizome of Aspidium Filix Ma^, the mals fern, is the 
part of the plant used. The active principle is filicic acid. In 
poisonous doses male fern is a convulsant, producing afterwards 
general paralysis and paralysis of the heart. The oil of male 
fern, or liquid extract of male fern, as it is called in the British 
Pharmacopoeia, is obtained by extracting male fern with ether, 
aud then removing the ether by distillation. It is used as an 
anthelmintic, especially for tape-worms. Dixon Mann * men- 
tions the case of a man who took in two doses an ounce and a 
half of the extract of male fern, which was given in mistake for 
a drachm and a half. Soon after the first dose he felt unwell, 
and after the second, which was given some hours later, 
vomiting and purging came on. These symptoms were quickly 
followed by cramps, profuse sweating, delirium, and coma, 
which ended in death in about twenty hours after the drug was 
taken. A case ^ is also related of a child, aged two years and 
three-quarters, who took eight capsules— each containing about 
fifteen grains of extract of male fern mixed with the same 
quantity of castor oil — in the course of five hours. She be- 
came somnolent, paralysed, and died after the occurrence of 
some spasms. The mucous membrane of the stomach in this 
case show^ed petechial ecchymoses ; there was also weU-marked 
injection of the mucous membrane of the intestines. The 
peculiar point in this case is that three weeks previously the 
child took double the quantity of the extract, but without the 
castor oil, which points to the advisability of the administration 
of some aperient other than castor oil, if the extract of male 
fern be given. 

Treatment. — The stomach should be emptied and washed 
out by means of the stomach-pump or stomach-tube or an 
' Forensic Med, and Toxicol. * Ibid, 
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emetic of mustard and wHtur ijlioiild be yiven. Stimulants 
should he admiuistered to counteract the depressing effect of 
the poison. 

Santonin 

Santonin is a ghicoside ohtained from SanUmica, which 
consists of the unexj)anded flower-heads of Artemisia marilima 
and other species of Artemisia. Santonin is employed as an 
anthelmintic for round-worms and thread-worms, and as it is 
used chiefly amonfj children, cases of poisoning with santonin 
ai-e more likely to occur with them than with adults. 

Bymptoma. — (i) The special symptom is a peculiar distur- 
bance of vision, objects appearing at first blue, then yellow; 
finally colour-blindness results for some time. This curious 
fact is explained by Hufner and Helmholtz as being due to 
the action of the santonin on the violet-seeing elements of the 
retina, which are first excited, producing the blue vision, and 
then paralysed, producing the yellow vision, (ii) Headaclie, 
giddiness, and a species of intoxication frequently occur, (iii) 
Gastric pain, vomiting, and lalioured respiration may be pixi- 
duced, (iv) In large doses convulsions, stupor, loss of con- 
sciousness, and death from collapse occur, (v) The urinary 
secretion is increased, and the urine is coloured saflton- yellow. 

TreatmeBt. — The stomach should Iw emptied and washed 
out by means of the stomach-pump or stouiach-tube ; if neither 
of these lie procurable, an emetic of mustard and water should 
be given. Stimulants should be administered to counteract the 
depressing action of the poison, and if convulsions are present, 
they should be treated with potassium bromide and chloral. 

Fatal dose. — About two grains of santonin have proved fatal 
to a child, aged five and a half years, in twelve hours. Recovery, 
in a child, has followed after taking ten grains. Recovery has 
titken place, in a man, after taking an ounce of santonin in 
mistake for Epsom salts. 

Analysis and tests. — Santonin can be extracted from acid 
solutions by means of chloroform. To the residue left, on 
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evaporation of the chloroform extract, the following tests may 
be applied : — 

I. Strong sulphuric acid is diluted with half its bulk of 
water, a little of the diluted acid is added to some santonin in 
a porcelain dish, and the mixture warmed on a water-bath 
until a yellow colour is developed ; while warm a few drops of 
dilute solution of ferric chloride are added drop by drop ; as 
each drop falls in, a ring of a beautiful red or reddish-violet 
colour is produced around each drop, changing to purple, and 
afterwards to brown. 

II. Santonin dissolves in a solution of caustic potash in 
absolute alcohol, producing a carmine-red colour w^hich soon 
fades. 

III. The safiFron-yellow colour given to the urine bv san- 
tonin may be confused with a similar colour produced in the 
urine by persons who have been taking rhubarb. If caustic 
soda be added to the urine coloured with santonin or rhubarK 
a red colour is produced in either case ; but, if the urine so 
reddened be digested with zinc dust, the colour of the santonin 
urine fades, w^hile that of the rhubarb urine remains. The 
reddened urines may also be distinguished by adding an excess 
of slaked lime stirred wnth water, and filtering, when the 
filtrate from the urine reddened with rhubarb will be found 
colourless, while that from the urine reddened by santonin 
retains its colour. 
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CHAPTER XX 



PoiBoningbjelnleriuni— Croton oil— Oil ot tHrpentitid-Oil of pennyroyal 
— Caoiphor— Poisonous fungi— Distinction between poieonotia and edible 
fungi- Ergot -Acuta and chronic ergot poiioning. 

Elaterivm 

Elatebium is a aediment from the juice oE the squirting 
cucumber, EclmUum Qfficinarum or Ecbaliiivi Elaterium. In 
poisonoUB doses it is a severe gaatro-inteetiual irritant, pro- 
ducing griping and vomiting, accompanied by considerahlo 
depression, salivation, and spasms. One-sixth ot a grain of 
elaterium has caused the death of a woman aged seventy : 
two-fifths of a Rrain has also proved fatal. Recovery has taken 
place after three-quarters ot a grain of elaterin, which is the 
active principle of elaterium, has been taken. 



Croton Oil 

This ia the fixed oil expressed from the seeds of Croton 
Tiglium. Both the Heeds and the oil are veiy poisonous, 
Croton oil is used in medicine, in doses of one or two drops, as 
a powerful purgative. In larger doses it acts as a strong 
cathartic, pro{lucing iufianimation of the nmcous menjbrane of 
the stomach and intestines. It also produces inflammation of 
the skin if applied to it. Its poisonous properties are dependent 
upon crotonic acid, a fatty acid existing in the oil. 

Symptoma. — If poisonous doses of croton oil are taken, a 
btiming sensation, accompanied by pain, is felt in the mouth, 
throat, and stomach, followed by violent vomiting and purging, 
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and considerable collapse. Death maj' take place in a few 
hours. Death has taken place after twenty drops and thirty 
drops of the oil have respectively been taken. In another case, 
mentioned by Taylor, a man swallowed by mistake two drachms 
and a half of the oil ; death occurred in four hours. In another 
case half an ounce of the oil was taken by mistake, and pro- 
duced violent vomiting, purging, and symptoms of collapse, 
but recovery took place at the end of fourteen days. Four of 
the seeds have caused death. 

Oil op Turpentine 

Symptoms. — If poisonous doses of oil of turpentine are 
swallowed, the following symptoms are generally produced :— 
(i) Bimiing pain in the mouth and throat, followed by vomiting 
and diarrhoea, (ii) Coldness of the surface, and a condition 
resembling that of alcoholic intoxication, (iii) Strangury and 
hematuria; the urine passed possesses a violet-like odour. 
(iv) Spasms, and coma in fatal cases. 

Chronic turpentine poisoning may arise from persons sleeping 
in newly painted rooms, or from being exposed to the vapour 
of turpentine in industrial occupations. The symptoms con- 
sist of dizziness, depression, painful micturition, haematuria, 
albuminuria, and a violet-like odour of the urine. 

Treatment. — In cases of acute poisoning, the stomach should 
be emptied and washed out by means of the stomach-pump or 
stomach-tube ; if neither of these be procurable, an emetic of 
mustard and water should be administered. Demulcent drinks 
should be freely given, and opium or morphine administered, if 
necessar}', to counteract the pain. 

Post-mortem appearances.- Small haemorrhages have been 
found in the mucous membrane of the stomach, and erosion 
of the membrane has also occurred. The blood is generally 
dark coloured. 

Fatal dose. — An infant, five months old, has died from the 
administration of a tablespoonful of oil of turpentine. In 
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another case an infant recovered after the administration of 
four ounces. Sis ounces have proved fatal to an adult. 

Oil of PENxyKOVAt, 

Oil of peiinjToyal has the popular reputation of being an 
emraenagogue and ecbolic. In reference to this, Taylor states 
that it has neither emmenagogue nor ecbolic properties, but 
this stateinent probably requires some modification. Marshal! ' 
relates a case of abortion, following the taking of three drachms 
of the essence of pennyroyal, in which severe flooding and 
expulsion of the ovum were produced, followed by collapse of 
the patient. He states that he has been informed by inarried 
women of considerable intelligence and powera of observation, 
that they are absolutely certain that pennyroyal wiU bring on 
the cfttanienia when they have been suppressed. As penny- 
royal is not employed by medical practitioners, there are 
obviously groat difficulties in collecting evidence as to the real 
action of such a drug. Flynn* relates a case of a woman, two 
months pregnant, who took three fluid drachms of essence of 
pennyroyal with the object of procuring abortion. When seen 
an bom' later she was very excited, the pupils were con- 
siderably dilated, and the pulse at the wrist was very feeble, 
and a few minutes later was imperceptible. Aftei" treatment 
with emetics she rapidly recovered. 

Camphor 

In poisonous doses camphor acts as an uTitanl and di.-pres- 
sant to the neiTOus centres, and produces convulsions. The 
symptoms generally consist of pain in the stomach, headache, 
vomiting, strangury, occasionally delirium or collapse, with 
pallor and Hviility of the face, laboured breathing, and cold 
skin ; coma may 3uper\-ene. Taylor mentions the case of a 
woman who took twenty grains of camphor, and in whom 

' liHL Med. Jour.. 1890. = Ibid., 18U», 
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serious symptoms occurred, but recovery eventually took place. 
Bl}i;h mentions a case of a woman, pregnant four months, who 
took about 184 grains of camphor with the object of procuring 
abortion ; she suffered from severe symptoms, and at the end 
of al)out six davs aborted, and died in a comatose state. 
Davies ' mentions a fatal case of camphor poisoning, which 
occuiTed in a child, aged two years and eight months, after 
eating a piece of solid camphor weighing about thirty grains. 
Prostration, very rapid pulse, and severe convulsions followed. 
Vomiting was induced, and the stomach subsequently washed 
out, but convulsions continued, and finally ended in death 
eighteen hours after the camphor had been taken. The 
presence of camphor in the stomach is at once detected by its 
odour. 

Poisonous Fungi 

Certain fungi possess noxious and even fatal properties. 
The poisonous properties of fungi, however, depend very much 
on the idiosyncrasy of the individual, since the same fungi 
have produced in different members of the same family 
different effects ; in some cases the symptoms of narcotic 
poisoning result, whilst in others the symptoms of irritant 
poisoning are produced. In the following table the principal 
non-poisonous and poisonous fungi are enumerated : — 



Kon-poisonons fungi, 
or mashrooms 



Aj^'aricns campestris 

„ orcades 
Lepiota procera 



PoiBonons funi^i 

(Toxic principle, 

phallin) 



Poisononi fungi 

(Toxic principle, 
muscarine) 



Ap^aricus phalloides Agaricus muscarius 

,. mappa , „ pantherinas 

„ verna , Boletus luridus 

„ recutita i 

porphyria ' 



M 



The most important fungus as a poison is agaricus 
phalloides. Falck collected fifty-thi'ee cases of poisoning by it, 

' Brit Med. Jour., 1887. 
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of which forty were fatftl. The cause of this fataHty is partly that 
it is mistaken tor the common mushroom, to which it beai-s 
a slight resemblance, and partly that its toxic properties do not 
manifest themselves until after ahtiorptioii of the poisonous 
principle into the blood, as its action is that of a blood poison and 
not that of a gastro-intestinal irritant. Agancus phalloides is a 
very common aiitunm fungus, and has frequently been mis- 
taken for nnishrooins. The principal fungi eaten in England 
as tiLusbrooms are the agaricus canipcstris and the agaricus 
oitiidfs, or thu champignon. The distinctions between the 
t>oisoiious agaricus phalloides and the mushroom arc the fol- 
lowing :— 



I Aguion* phklloldM 

1. Fcrmanent while gills 



(the 

1. GilUpinkinjoujigmuBhrooina, | 

hiack in old onef. and of various 

shadea of chocolate -browa be- 

twfGD the two. according lo age I 

' 2. tjlem solid 

3. Base not bulbous 



' KolKtrt has found that the poisonous principle of agaricus 
phalloides is a vegetable toxalbumin, which he calls phallin, 
and which is present to the extent of one per cent, in the dried 
fungus. The action of phaUin is to destroy tho red blood 
corpuscles, causing the serum to become reddish, and the urine 
blood-stained. By the dissolution of the blood corpuscles 
fibrine is liberated, and, in consequence, thromboses are liable 
to form. These are especially apt to occur, along with 
multiple ecchymoses and fatty degeneration, in the liver, and 
Kobert points out the similarity between the affection of the 
liver by this poison, and the condition of the liver in cases of 
]i]i(isphorus poisoning, and in acute yellow atrophy of the 
liver. Phallin also occurs in, and is the toxic principle of, 
agaricus mappa, agaricus vema, agaricus reoulita, and By 
porphyria. 
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Agaricus muscarius, agaricus pantherinus, and boletus 
Ixiridus constitute another group of poisonous fungi, the 
poisonous principle of which is the alkaloid muscarine. 
Agaricus muscarius is the fly-fungus, so-called because a 
decoction of it has been employed as a poison for flies. With 
these three fungi symptoms often occur within an hour, or an 
hour and a half, and death may ensue in from six to ten hours. 
Muscaiine, according to Brunton, produces uneasiness in the 
stomach, vomiting, purging, dyspnoea, vertigo, faintness, pro- 
stration, and stupor. It slows the heart by stimulating the 
inhibitory cardiac mechanism, lowers blood-pressure, depresses 
the respiratory centres, causes contraction of the pupils, and 
stimulates the secretion of sweat and saliva. Muscarine 
strongly resembles pilocai-pine in its action, but only causes 
contraction of the pupils when administered internallv if 
applied locally it dilates the pupils, whereas pilocarpine causes 
contraction of them, whether administered internallv or locally. 
Muscarine is antagonistic to atropine. There is another 
alkaloid in agaricus muscarius called pilzatropine, which is a 
form of atropine, and which modifies the action of muscarine 
so that, in some cases of poisoning by this fungus, contraction 
of the pupil and salivation may be absent. A third alkaloid, 
named amanitin, is also present in agaiicus muscarius and 
according to Kobert is present in most fungi, both edible and 

poisonous. Of itself it is practically inert, but it is apt as, for 

instance, by the incipient decay of the fungus — to become con- 
verted into lecithin and nexurin, and thus to give rise to gastro- 
enteritis. Brieger states that it is often to be found after 
death in the bile as cholin, and in the other tissues as neurin. 
This is the explanation of the symptoms of poisoning which 
are sometimes caused by the common mushroom and other 
edible fungi. 

HelveUic acid, which occurs in Helvella esculenta, is re- 
moved by water, so that the broth in w^hich the helvellai have 
been cooked is more poisonous than the fungi themselves. Its 
action resembles that of phallin, and causes an analogous train of 
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symptomB, owing to dissolution o£ the blood corpuscles. Cases 
of poisoning occasionally occur In Great Britain from the small 
black-spored agarics, such as agaricus canipanulatus, iLgaricue 
semi global us, and agaricus semilanceolatus. They are seldom 
fatal. th(3 symptoms principally consisting of giddiness and 
delirium, which occur soon after the fungus is eaten, and, if 
vomiting be induced, soon pass away. 

Bymptonu.— The following are the symptoms produced by 
poisoning by the more important poisonous fungi. As a rule, 
the symptoms consist of both the narcotic or neurotic and 
irritant types, but the predominance of the symptoms of one or 
other type is very much subject to the idiosyncrasy of the 
individual affected. The sj-mptoms may occasionally come on 
within one hour, but may be delayed for six, ten, or more 
houi-s. (i) Abdominal pain, thii'st, nausea, vomiting, and 
purging, (ii) Collapse, with cold sweats and cyanosis, (iii) 
Small pulse and labom'ed respiration, (iv) Giddiness, tremh- 
hng, dilated or contracted pupils, illusions, delirium, stupor, 
and coma, (v) Convulsions may occur, especially if a fatal 
issue be impending. (vi) Hiemoglobinuria. ha'inaturia, and 
albuminuria may occur, or occasionally the urine may be sup- 
pressed. Very occasionally jaundice occurs. 

Treatment and ftntldotei.--The stomach should be emptied 
by means of an emetic of mustard and water, or by the hj'po- 
dermic administration of apomorphine. The bowels should 
be cleared, by a castor oil pm-ge, of any pailicles of fungi that 
may have passed into them. Stimulants and external warmth 
should be employed to counteract the collapse, and atropine 
should be hypodermically injected in doses of ^ to _Vi, of a 
grain, if the pupils are contracted, to counteract the poisonous 
effects of the miiscaiiue. Morpliine should be administei'ed if 
there be nnicli piiin. 

Foat-mortem appearoaoea.— Careful search should be made 
in the conteiils of the stomach and intestines for portions of 
fuDgi. In&anmmtion of the mucous membrane of the stomach 
and intestines is generally present. Multiple ecchj-moses of 
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the gastro-inleslinal mucous nieinbrane, and ijo ihu liver, u« 
frequently found, together with localised ^augretiouti spots oa 
the mucous inerohrane of the stomach iind inlesUnus. The 
heurt and hver are frequently in a statt! of fatty dof^iteration, 
and the blood is generally fluid. The chanj^s in the liver intjr 
closely resemble those found in cases of phospborua poisoning. 
Fatal period. Death has occurred at the following different 
periods in various cases of poisoning hy fungi : twenty-DiM 
hours, forty-eight hours, three days, and fourteen days iifl*r 
the first uppL'ttranee of symptouis. 

EUOOT 

Ergot consists of the compact mycelium of a fungus named 
Clitficepi Puiytirea, which grows on the seeds or grains «f iIm 
common rje. Ergot is an ecbolic. It is certainly capaMe et 
causing contractions of the uterus during the Inter stagw 
of pregnancy, but in the earher stages it is considered 
what doubtful whether it can initiate contractions of 
uterus or produce them with eufiicient force to cause 
expulsion of the ut«rine contents. Some authors 
ergot does not act unless the natural contractions of the ul 
have already commenced ; but since, during pregnancy, utcHm 
contractions normally occur, it is quite conceivable that er^ 
may be able to increase the force of these contractions, although 
in the earlier months of pregnancy it may not he able to aufj- 
ment them sufliciently to procure alwrtion. It is certain thai 
it frequently fails to bring about a miscarriage, although i,t!r> 
laxge and repeated doses have been tried. In a case of suspected 
crinjinal abortion, investigated hy the author several years agu, 
a large quantity of the Uquid extract of ergot was found in the 
stomach ; death had resulted from uterine liaimurrhage. hul th* 
foetus (fourtli or fifth month) was still within the uterus undo- 
tached. The chemical enmposition of ergot has boon the subjeet 
of numerous investigations, but none of the principles isolated 
cun be said to repiesenl the (lUl activity of the drug. Krgol 
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certainly contains more than one active principle ; those known 
at the present lime are orgotinic acid, sphaceiiuic acid, and 
an alkaloid cornutine ; ei'gotin is a mixture of theae, and pos- 
sibly of other constituents. Poisoning by ergot may be acute 
or chrouic, the symptoms being different in the two kinds of 
poisoning. 

Bymptomi of acate ergot poiaoning.— (i) Epigastric pain, 
thirst, nausea, and vomiting, (ii) Giddiness, cardiac oppression, 
numbness, and tingling of the extremities, (iii) Shivering, 
coldness, cramps, deUrium, coma imd convulsions. 

Davidson ' records a case of a female, aged twenty-eight, who 
took ergot, and in whom the symptoms consisted mainly of 
vomiting of blood, passing of bloody urine, intense jaundice, and 
stupor. This case is a somewhat exceptional one, as jaundice 
and vomiting of blood have not generally l)een noticed. 

Treatmeat aod antidotes.— TJie stomach should be emptied 
. and washed out by means of the stomach-pump or stomach- 
tube ; if neither of these be available, an emetic of mustard and 
water should be given, or a hypodermic injection of apomor- 
phine ; stiniulants and external warmth should he employed. 
An inhalation of three minima of nitrite of amyl, or the adminis- 
tration by the mouth of j'^ of a grain of nitroglycerine in solution, 
is advisable to counteract the cardiac oppression ; either of theae 
remedies should l)e repeated if necessaiy. 

Post -mortem appeorancei. — Ecohymoses and extravasations 
of blood are generally found on the surface of, and within, the 
internal organs. Fatty changes may be found in the hver and 
kidneys. 

Chbo.vio Ebgot Poisoning 

This occurs from eating bread made with gi^ain upon which 
the ergot fungus has grown. Epidemics of chronic ergot 
poisoning have occurred from time to time, especially in Buasia 
and Germany. The first symptoms arc those of gaatro-enteritis, 
accompanied by nervous symptoms, such as lassitude, depres- 
I Tiie Lancd. 1882. 
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sion anil dizziness. Later on the symploms may aBsums' 
gangrenous form, or the spasmodic or convulsive form, or boik 
These forms of ergotism are, no doubt, due to the action of llie 
ergot upon the muscular walls of the arterioles, producing 
sufficient contraction or spasm to shut ofT the supply of blood 
to the parts to which they are distributed. 

The (jangrenous form of enjoHsm. — In this form patches ol 
ancBBthesia first occur, or acute pain may be felt in the limb 
or limbs about to be affected, which symptoms are ge-DervUT 
accompanied by an erj'thematous or erysipelatous condition d 
the skin. Gangrene then sets in, and is generally of the ib; 
type, but occasionally moist gangrene occurs ; the toes wd 
fingers are the parts most frequently affected. The gangFenoui 
part separates from the healthy by a slow moist process ol 
ulceration, and in this way the toes, lingers, and even the less. 
may come off. In very exceptional cases the sltiu only m».y ix 
attacked by gangrene. 

The spasmodic or convulsive form of ergotism. — This genenllT 
commences with either antesthesia of the fingers, toea mm! 
extremities, or by creeping sensations spreading from the loes 
and fingers along the Umbs. These symptoms are foUowed by 
muscular spasms of the flexors of the fingers and toes, and oi 
the extensors of the foot. Occasionally this muscular spasoi 
extends to the back, producing opisthotonos. The spasms ut 
intermittent, lasting from a few minutes to some hours, and 
during their occui-rence are extremely painful. Symptoms U 
cerebral disturbance also frequently occur, such as fiaslies of 
hght before the eyes, noises in the ears, giddiness, lightnitt); 
pains, hallucinations, dehiium, and stupor. 

Fatal dose, — Nothing definite is known of the actual amoum 
of ergot required to produce a fatal result. Poisonous symptoms 
have been produced by doses of from half a drachm to two 
drachuis of ergot in powder. 

Analysii and teste.— The detection of ergot in the ttssiws 
is impossible. From the contents of the stomach, or from 
ergotised grain or bread, an extract may be made by means d 
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hot alcohol acidulated with sulphuric acid. This extract is red 
in colour, and if examined with a spectroscope shows two bands, 
one in the green and another in the blue, the latter being broader 
and more distinct. If powdered ergot, or the residue left by 
the evaporation of the tincture or liquid extract, be nibbed with 
solution of caustic potash and gently heated, it acquires a red- 
dish colour, and evolves a peculiar fishy odour of trimethylamine 
or of propylamine. This colour reaction is only a pigment 
change, and is therefore only produced if a portion of the colour- 
ing matter of the ergot be present ; it may not, therefore, be 
produced by the residue left on evaporation of the tincture of 
ergot, as the pigment is insoluble in alcohol. 
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VABIOUS ORGANIC POISONS 



CHAPTER XXI 

Poisoning by petroleum— Paraffin oil— Benzene— Nitrobenzene- Dinitro 
benzene — Aniline — Antlfebrin — Exalgin— Antipyrin— Naphthaline - 
Carbolic acid— Picric acid— Besorcin— Pyrogaliic acid — Salicylic acid 
— Salol. 

Petroleum and Paraffin Oiii 

Petroleum is found naturally in certain parts of the world. It 
consists of a mixture of the higher saturated hydrocarbons; 
the crude petroleum is purified by rectification, and is then free 
from colour, or possesses a pale yellowish colour in bulk, and 
a peculiar penetrating odour. Petroleum is largely used for 
illuminating purposes. The lighter and more volatile portions 
of the crude petroleum are known under the names of cyniogew, 
gasolcnCy naphtha^ and henzolhic. Benzoline, which is also 
known as mineral naphtha, petroleum naphtha , petroleum spirit, 
and petroleum ether, is a very volatile and inflammable liquid, 
and consists of a mixture of the lighter hydrocarbons obtained 
by distillation from petroleum. BenzoHne must not be con- 
founded with benzol or benzene (see p. 357). Benzoline is the 
illuminant employed in sponge lamps. 

Paraffin oil, known also as kerosine and mineral oil, is a 
mixture of the saturated hydrocarbons obtained by distillation 
of shale. Petroleum and parafl&n oil are frequently sold indis- 
criminately for one another, and as regards their toxic effects, 
there is practically no difference between them. Neither of 
them, however, can be considered to be an active poison. In 
cases of poisoning by either of these substances the symptoms 




generally are vomiting, giddiness, collapse, with pallor of ihe 
face, cold clammy skin, and weak pulse. Eructations c 
and there is a uiai-ked odour of the poison in the breath and in 
the vomited matters. Pain in the stomach and throat may or 
may not be felt. The vomited matters generally contain blood, 
and blood may Ije passed in the motions. On the other hand, 
a lai'ge quantity of paraffin oil may be swallowed without 
any vomiting or other sign of gastric irritation. Occasionally 
the urine contains albumen and blood. Several cases have 
been recorded in which half a pint of paraffin oil has been 
swallowed and recovery liaa taken place. A pint of peti-o- 
leum has been taken, with the production of only temporary 
disorder. 



BENZENE AND MEJ[EERS OF THE BENZENE SEIilES 



I 



Benzene is commonly kno^vn as benzol, and as coal-tar 
naphtha. It is one of the products of the dry or destructive 
distillation of coal, and is obtained from coal-tar by fractional 
distillation. Commercial benzene contains small quantities of 
other liquid hydrocarbons. The symptoms of acute poisoning 
somewhat resemble those of alcoholic poisoning, there being a 
stage of excitement, with flushed face, followed by collapse and 
a tendency to stupor or coma. In the stage of collapse the 
breathing is stertorous and the pulse weak. Vonuttng may or 
may not occur. The odour of benzene is generally perceptible 
in the breath for many hours after the poison has been swallowed. 
Benzene produces gastro-onteritis, and the treatment should 
consist in washing out the stomach as soon as possible, as it is 
rapidly absorbed. Death has occun'ed in a child, two years old, 
in ten minutes after a mouthfid of i>enzene was swallowed. A 
boy, aged l^welve, died in less than tliree hours after swallowing 
about three ounces of benzene. Rosenthal ' reports a case of 
' Ccntram./.inti.Mi:d..ie'}i. 
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poisoning in a girl, aged a year and a half, the quantity of 
benzene taken being uncertain. When seen ten to fifteen 
minutes afterwards, the child was in a condition of stupor, the 
pulse w\as small and frequent, and the respirations 60 to 70. 
The stomach w^as w^ashed out, the washings smelling strongly 
of benzene and containing blood-stained masses of mucus. 
In about six hours the child had considerably improved, and 
subsequently recovered completely. Poisonous symptoms may 
also result from the inhalation of benzene vapour. Workmen 
engaged in distilling benzene have sufiFered from anaemia, 
accelerated pulse, and hot skin, and emit the odour of benzene 
in the breath ; occasionally symptoms of a more serious nature 
are observed, such as intoxication, accompanied by delirium, 
epileptiform attacks, loss of sexual powder, paralysis, and dis- 
turbance of sensation, w^hich may take the form of anaesthesia 
or hyperaesthesia. 

Benzene poisoning by inhalation has also been observed 
occasionally among glove-cleaners. 

Tests.— I. The odour. 

IT. -By treatment with strong nitric acid nitrobenzene is 
formed, which can be recognised by its peculiar odour (see 
p. 360), and by its conversion into aniline when subjected to 
the action of nascent hydrogen (see p. 361). 

Nitrobenzene 

This body is also known as niirohcnzol and essence of 
mirhanc. It is a yellow liquid, possessing a strong odour 
resembling that of the essential oil of bitter almonds, and is on 
this account sometimes known as artificial oil of hitter almotuh. 
It is used as a substitute for the essential oil of bitter almonds 
in perfumed soaps and confectionery. 

S3nnptoins. — These do not generally appear till from a 
quarter of an hour to two or three hours have elapsed after 
taking the poison, (i) Uneasiness, headache and vomiting mav 
occur ; the vomited matters possess the characteristic odour of 
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nitrobenzene, (ii) Cyanoaia, which affects the mucous mem- 
brane of the lips, gums tongue, mouth, and pharj-ns, imparting 
a livid bluish hue. The nails are also coloured of a purple or 
dark blue colour, looking as if tbey had been stained with black- 
berry juice. The surface ia cold and clammy, (iii) Unsteady 
gait, feeble quick pulae, shallow and irregular breathing, with 
the odour of the poiaon in the breath, (iv) Drowsiness, stupor, 
and coma occasionally supervene ; convulsiona may occur at an 
uncertain interval after the stupor. 

Hodaon ' records the case of a pharmacist, aged forty-eight, 
who, by mistake, drank two drachms of nitrobenzene. An 
hour and a halt later he became giddy, but was able to walk a 
distance of about half a mile, feeling all the time as though 
intoxicated. He then became partly unconscious, and when 
seen three hours uad a half after taking the poison he was 
insenaiblo, collapsed, and extremely eyanosed. Five hours 
after taking the poison, the patient having been treated in the 
meantime, consciousnesa began to return, and he then gradually 
improved, but the cyanosis did not disappear until the eighth 
day. Severe symptoms, and even death, may result, from the 
absorption of nitrobenzene into the system in the form of 
vapour. Thompson " records the case of a workman who for 
several hours was engaged in pouring nitrobenzene from 
large druois into smaller vessels, and who was seized with the 
following symptoms :— dizziness, headache, vomiting, hurried 
respiration, the breath smelling of nitrobenzene. The surface 
of the skin was of a dark purple hiie, especially marked on the 
mucous membrane of the lips and beneath the finger nails. 
The heart's action was rapid, and there was some tendency to 
coma when at rest; the urine was very dark in colour, and 
smelt strongly of nitrobenzene. The treatment was simply 
expectant, and was directed to keeping the patient alive while 
assisting the lungs and the kidneys in the elimination of the 
poison. Five days laler the patient had recovered, but still 
retained a peouhar complexion. Letheby has recorded tb* 
■ 3Ai Lancet, IHOI. > Brit. Utd. Jour., IS 
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of a man, aged forty-two, who spilt some nitrobenzene over his 
clothes, and went about for several hours breathing an atmo- 
sphere charged with the vapour of the poison. He subsequently 
became drowsy, unsteady in his gait, and presented the appear- 
ances of intoxication ; stupor came on and deepened into coma, 
and the man died about nine hours after the commencement 
of symptoms. 

Treatment. — The stomach should be emptied and washed out 
by means of the stomach-pump or stomach-tube. Stimulants 
and external warmth should be employed, and artificial respira- 
tion resorted to if necessar}^ 

Post-mortem appearances. — The characteristic odour of 
nitrobenzene is recognised on opening the cavities of the body. 
The blood is chocolate-brown or dark in colour. 

Fatal dose. — Twenty drops have proved fatal, but recover)* 
has occurred after very nearly an ounce of the poison has been 
swallowed, owing to the quick employment of rapid and eflBcient 
treatment. Alcohohc Hquids, on account of their solvent power 
on nitrobenzene, hasten and intensify its action, so that a 
person swallowing nitrobenzene after taking spirits is likelv 
to be more affected than if the spirits had not been taken. 
Stevenson ^ records a case in which a young man, aged twentv- 
one, took on sugar seven doses of nitrobenzene, each of twenty 
minims, spread over a period of about fifty hoiu^. Six hours 
after taking the last dose he became insensible, and the bodv 

m 

assumed a pale blue colour. With suitable treatment he re- 
covered. From some of his urine nitrobenzene was extracted 
by shaking with chloroform. 

Fatal period. — From one to twenty-four hours. 

Analysis and tests. — Nitrobenzene may be separated from 
organic substances by distillation in the presence of sulphuric 
acid. To the distillate so obtained the following tests mav be 
applied. 

I. The smell, which closely resembles that of the essential 
oil of bitter almonds. It may be distinguished from the latter 

> Guxfi Uosp. Repts., 1876. 
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by adding a drop of strong sulphuric acid to a few drops of the 
liquid in a porcelain evaporating dish. The nitrobenzene is 
not affected, whereas the oi! of bitter almonds acquires a rich 
crimson colour with a yellow border. 

11. By adding some of the nitrobenzene to zinc and hydro- 
chloric acid, or to iron fiUngs and dilute sulphuric acid, aniline 
is produced by the reducing action of the nascent hydrogen on 
the nitrobenzene. The liquid is filtered from the undissolved 
zinc or iron, when the filtrate will contain the aniline in solu- 
tion as a soluble salt. The solution may be divided into three 
partB and the following teats for aniline applied. 

(n) The addition of bleaching powder produces a pui-ple or 
violet colour. 

(fi) On addition of solution of alcoholic caustic potash and 
a few drops of chloroform the disagi'eeable odour of phenyl 
isocyanide is produced on shaking and warming the liquid. 

(c) If the solution be rendered alkaline with caustic potash, 
the aniline can be estracted by shaking with elher. After 
removal and evaporation of the ether, the aniline is mixed with 
water, and on the addition of a watery solution of carbolic acid 
and sodium hypochlorite, a dark blue colour ia produced, which 
■ed on the addition of hydrochloric acid. 



DiSlTBOBEKZRNE 

This substance is a solid of a yellow or yellowish- brown 
colour. It enters into the composition of rohurxie. bellile and 
sicherlieit, explosives used in coal mines for the purpose of 
blasting. Roburite generally consists of a mixture of chloro- 
di nitrobenzene and ammonium nitrate. Poisoning by dinitro- 
benzeno occurs in factories where it is used, and is due to 
cither fine particles of it floating in the air, or to the vapour of 
it passing into the system. Probably prolonged handling of the 
substance may also lead to its absorption through the skin. 
The symptoms are similar lo those produced by nitrobenzene. 

Chronic poisoning. — Chronic poisoning by dinitrobenzene, 
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which occurs amongst those engaged in preparing or handling 
it, produces the following symptoms : — Headache, loss of 
appetite, pain in the stomach, and a feeling of lassitude. The 
lips acquire a bluish colour and the skin and conjunctivae 
a yellow tint. The urine is dark in colour from the presence 
of dinitrobenzene or one of its derivatives. Symptoms of 
peripheral neuritis, such as numbness, painful sensations of the 
nerve-endings, and cramps may supervene. 

Snell ^ records several cases of chronic poisoning by dinitro- 
benzene among workers engaged in the manufacture of certain 
explosives, such as roburite and sicherheit. He finds that the 
dinitrobenzene acts as a poison whether ingested, absorbed by 
the skin, or inhaled into the lungs in the form of vapour or 
dust. The symptoms of chronic poisoning as described by him 
are— pallor of the face, bluish colouration of the hps, fingers, 
toes, and of the nails of the fingers and toes, nausea and 
vomiting occasionally, weakness, giddiness and staggering. 
Snell also finds that amblyopia is a common symptom, 
accompanied by concentric contraction of the visual field, 
and, in many cases, by a central colour scotoma ; there is 
also some blurring of the edges of the optic disc and a varying 
degree of pallor of its surface. He also found that the action 
of the poison on the blood is peculiar and definite. Blood 
drawn from the fingers of affected persons was found to be 
thin and black-looking, and to contain large coloured corpuscles 
(megalocytes), while the ordinary red corpuscles were smaller 
than normal. The appearances were like those seen in 
pernicious anaemia. The urine was of a brown or blackish 
colour ; this colour was not due to blood or bile, but to some 
pigment belonging to the aromatic series. The blue asphyxiated 
appearance of the patients was probably due to the production 
of this or some other pigment conveyed in the blood. 

Poisoning may occur from the fumes of chloronitrobenzene 
given off by unexploded roburite, the symptoms being similar 
to those of dinitrobenzene. Spurgin ^ relates a peculiar case of 
» Brit. AM. Jour., 1894. « 76tU, 1891. 
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such poisoning. A boy aged sixteen had slept for one night in 
a bedroom, the floor of which had been sprinkled with roburite 
to clear out cockroaches ; the next morning the boy was 
cyanosed, the nails were of a blue-black hue, the tongue, lips 
and mouth nearly black, and the body and face w^ere livid. 
He was collapsed, the temperature was subnormal, the pulse 
veiy weak and rapid, and the breathing laboured. The treat- 
ment consisted in the removal of the bov from the room and 
the employment of stimidants and warmth externally ; after 
three days the patient had nearly recovered. 

Treatment. — The same as for nitrobenzene poisoning (see 
p. 360). Chronic poisoning requires removal from the influence 
of the poison. 

Post-mortem appearances.— The blood has been found 
chocolate or dark in colour, and ecchymoses have been found 
in the various mucous membranes. 

Aniline 

Aniline, or phenylamine, is a colourless liquid gradually 
changing to a brownish colour by exposure to air. The various 
aniline dyes are obtained by the oxidation of aniline with 
oxidising agents of different degrees of strength. 

Symptoms. — In cases of anihne poisoning the symptoms 
come on in from five minutes to an hour or more after 
swallowing the poison, and are- (i) Nausea and vomiting, 
(ii) Cyanosis, the lips, gums, tongue, and nails assuming a 
pui*ple or bluish hue. The skin is cold and clammy, (iii) 
Laboured respiration ; the odour of the aniline is frequently 
noticeable in the breath, (iv) Giddiness, drowsiness, coma. 
Similar symptoms may be produced by the inhalation of 
the vapour. The cyanosis produced by anihne and nitro- 
benzene compounds is probably not that of asphyxia, but is 
due to the formation of coloured aniline products formed in the 
system, since the purple or bluish colour may occur without 
any sign of d^-psnoea, and, even if dyspnoea has been present, 
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the blue colour remains for some time after the breathing has 
become normal. 

Treatment. — The same as for nitrobenzene poisoning (see 
p. 360). 

Post-mortem appearances.—The blood has been found of a 
chocolate colour. 

Fatal dose. — Six fluid drachms have proved fatal. 

Analysis and tests. — Anihne may be separated from organic 
matter by rendering it alkaline with caustic potash and then 
distilling. To the distillate the various tests for aniline 
mentioned in connection with nitrobenzene may be applied 
(see p. 361). 

Aniline Colours 

Very few of the aniline colours are injurious, and those few 
which are so are commonly toxic only in very large doses. 
This is a matter of considerable importance, as the aniline 
colours are widely used in articles of food. Lefifmann states 
that an ounce of auramine will colour 2,000 lbs. of sugar candy 
a beautiful yellow colour ; it is therefore difficult to believe, 
even should auramine be proved poisonous, that any child 
could eat sufficient sugar candy, dyed yellow with it, to produce 
any appreciable effect. The bad name that formerly attached 
to some of the red aniline dyes seems to have been due to 
impurities, such as arsenic, introduced in the process of manu- 
facture. These dyes are, however, now prepared quite free from 
arsenic. 

AxTiFEimiN 

This substance, which has acquired considerable use as an 
antipyretic, is also known as acetanilide and phenyl-acetamide. 
It occurs in small white odourless crystals, almost insoluble in 
cold water, but freely soluble in alcohol. If taken in poisonous 
doses, it produces syniptoms of the aniline type. 

Symptoms. — (i) FeeHng of lassitude, impairment of sight, 
vertigo, sleepiness and unconsciousness, (ii) Collapse, cyanosis, 
and cold surface, (iii) Lowered respiration and pulse. 




ANTJfEBKIN 

Wftrfvinge ' relates a^ case ot a man, aged thirty-five, who 
took two drachms of antifehrin. In five minutes he felt 
fatigued, and black and red clouds appeared before his eyes. 
Lassitude in the extremitiee came on, and he went to bed and 
slept for an hour and a quarter. On attempting to rise he 
became giddy, fell down unconscious, and sanlc into a comatose 
condition, with well-marked cyanosis, coldness of the hands 
and feet, decreased temperature, and a lowering of respiration 
and pulse. He continued in this comatose state sixteen hours, 
hut recovered under treatment with hypodermic injections of 
camphor and ether. Cyanosis continued till the third day. 
The urine was deeply coloured and contained indican, hut no 
blood, albumen, or sugar. Hartge has recorded a case in 
which a student took about 340 grains of antifebrin in addition 
to a considerable quantity of spii'it. In this case there was no 
loss of consciousness; the respu-ations were rapid, the pulse 
accelerated, and the patient complained of inability to sleep. 
There was a marked blueness ot the skin, which was general, 
but especially dark in the eyelids, chin, and temporal regions. 
There was no albuminuria or hemoglobinuria. The blood 
corpuscles presented their normal appearance and character, 
though the colour of the blood was changed to a dark blue, as 
in aniline poisoning. On the third day the patient had recovered, 
and the blue colour had entirely vanished. 

Treatmeiit. — The stomach should he emptied and washed 
out by means of the stomach-pumpor stomach-tube ; it neither 
of these be available, an emetic of mustard and water should be 
administered, or a hypodermic injection ot apomorphine should 
be employed ; stimulants and external warmth should also be 
used. 

Severe symptoms have been produced (as in the ease 
previously described) by an adult taking two drachms of 
antifebrin, and in an infant five months old by three to four 
grains. The blood has been found to contain methiemoglobin. 

' Syjeia. 1802. 
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Analysis and tests. — Antifebrin may be extracted from acid 
solution by agitation with ether or chloroform. 

I. Antifebrin behaves hke aniline on warming with alcoholic 
caustic potash and chloroform, the disagreeable odour of 
phenyl isocyanide being produced. 

II. If potassium bichromate be dissolved in strong sulphuric 
acid, and a drop of the mixture added to a fragment of antifebrin, 
a red colour is produced changing to brown and finally to 
dirty green. 

III. If a fragment of potassium or sodium nitrite and a 
di'op of strong hydrochloric acid are added to a fragment of 
antifebrin, a yellow colour is produced, which on warming 
changes to green and blue. On evaporating the liquid to dry- 
ness an orange residue is obtained, which on the addition of 
ammonia changes to red. 

EXALGIN 

Exalgin or methyl-acetanilide is a substance possessing 
analgesic properties, and is used in the treatment of neuralgia, 
migraine, &c. In over-doses it exerts toxic effects, the symptoms 
being those of the aniline type. Eeynery^ records the case of a 
boy, two years old, who by mistake was given two powders, 
each containing five grains of exalgin. The first dose was 
vomited up about half an hour after being taken, and w-as 
succeeded by prostration and more vomiting. The second dose 
was given three hours after the first ; an hour later the child's 
face and hands were of a dark blue tint, and the colour was still 
more marked in the nails, scrotum and penis. The lower lip 
and the tongue were blackened ; there was copious vomiting, 
and free sweating of the head and upper part of the body ; the 
pulse could not be counted. Under treatment with stimulants 
the patient recovered, but the discolouration of the skin and 
some of the other symptoms did not disappear till the end of ten 
days. Lloyd Jones- records the case of a woman, aged twenty- 

* Oaccta Mcdica, Municipal., 1892. - Brit. Med. Jour., 1890. 
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four, who for five days was treated with two-graJD i 
exalgin three times a day, but as the drug failed to give reUef to 
the pain from which she was suffering, the doses were increased 
to four grains, and at the end of two days to six grains. After 
taking the six-grain doses three times a day tor a week, the 
following symptoms of poisoning set in :— The lips and cheeks 
became blue, the pulse was small ; nausea, giddiness, indistinct- 
ness of sight, and a feeling of weight at the epigastrium were 
complained of, and were followed by vomiting. The cyanosis 
continued to increase, and the nails, lips, and cheeks became 
deeply coloured. A few inhalations of Tiitrite of amyl were 
employed, and caused marked dilatation of the vessels, with 
considerable emphasis of the blueness, showing that the whole 
of the circulating blood was profoundly changed. Under treat- 
ment with stimulants, strychnine, and digitalis the patient 
recovered. Johnston ' reports a case in which severe poisonous 
effects were caused in an adult man by three grains of exalgin. 



AjiTirYBiJi 

This is a rather complex benzene derivative, prepared from 
aniline, aceto-acctic ether, and methyl iodide. It is a white 
crystalline body, readily soluble in water, and is much used as 
an antipyretic and analgesic. AntipjTiD is a powerful depres- 
sant, and in poisonous doses causes collapse, cyanosis, cold 
sweats and tumultuous heart beats. Bapin ' describes a case 
of poisoning by antipyrin, which occun-ed in a lady, aged 
twenty-eight, suffering from severe sciatica. She took four 
doses of fifteen grains of the di'ug in the course of five days with 
good results, and without any unpleasant effects, but, after 
another dose of fifteen grains on the sixth day, she almost 
immediately felt an intense burning pain in the epigastrium, 
foUoived by vomiting and severe collapse," The cheeks and hpa 
became almost black from cyanosis, and an itching rash came 
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out all over the body. On the following day she had completely 
recovered. A somewhat similar case has been published by 
Whitehouse, in which the symptoms were caused by a seven- 
grain dose of antipyrin, and disappeared after hypodermic 
injection of atropine. Oscar Jennings relates a case in which 
385 grains of antipyrine were given daily for a week for the 
relief of rheumatism. On the eighth day erythematous spots 
appeared on the arms, and on the ninth day the face was red, 
and the eyelids swollen. On the tenth day a rash came out all 
over the body, and there was catarrhal conjunctivitis, loss of 
appetite, singing in the ears, and collapse. Oscar Jennings 
states that the symptoms of poisoning are easily subdued by 
administering tinctm*e of belladonna, or by subcutaneous injec- 
tion of atropine. S6e, on the other hand, condemns the prac- 
tice of giving belladonna or injections of atropine, as the sym- 
ptoms of poisoning disappear spontaneously in from twenty-four 
to forty-eight hours if the drug be discontinued. Short ^ relates 
the case of a male adult, who, two hours after taking five grains 
of antipjTin, had flushing of the face, and, two hours later, 
suffered from redness and swelling of the nose and lips. A few 
hours later a crop of herpes-like vesicles appeared on the nose, 
lips, and inside of the cheeks ; the hands and feet were swollen, 
red, and itching, and the skin of the penis and scrotum and 
the anal margin were in a similar condition. The vesicles on 
the nose, lips, and mouth discharged profusely. The symptoms 
gradually subsided under treatment, and, at the end of a week, 
were followed by desquamation in the portions of the skin 
affected. 

Analysis and tests. — Antip}Tin can be extracted from an 
alkaline solution by means of chloroform. To the residue, left 
on evaporation of the chloroform extract, the following tests 
may be applied : — 

I. If antipyrin be heated with strong nitric acid, and the 
liquid allowed to cool, a purple colour is produced; on the 

• Brii. Med. Jour., 1892. 
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addition of water a violet precipitate is thi-own down, und the 
filtered liquid will be of a purple-red colour. 

II. A solution of autipyrin gives with ferric chloride a blood- 
red colouration, which is destroyed by the Eiddition of a mineral 
acid. This reaction is given by urine containing antipyrin. 

III. Antipyrin gives with nitrous acid a gi'een colour. This 
test ia best applied by dissolving potassium nitrite in water, 
adding excess of strong sulphuric acid, and then pouring iutu the 
mixture the solution of antipyrin. This test is common to the 
group of bodies of which antipyrin is a member, 

Antifebrin can be distinguished from antipyrin by not giving 
a red colouration on the addition of ferric chloride, 

N.IFHTH.VLENE 

This is a hydrocarbon obtained as a bye-product in the 
preparation of coal gas. It is used as an antiseptic. In large 
doses it has produced toxic effects, Hossbach ' relates a case 
in which a dose of ninety-three grains of naplithalene produced 
cyanosis, muscular twitchings, and dark-coloured urine. The 
colour of the latter was probably due to hsemoglobinuria. 

Carbolic Acid ob Phenol 

This Iwdy is also known as coal-tai; creasotr, and as phenic 
aciil. It is contained in coal-tar, from which it is obtained, for 
commercial purposes, by fractional distillation. In the pure 
state carbolic acid is a coloiu'lesa crystalline Iwdy, but it soon 
assumes a pink colour, due to the absoi-ption of carbon dioxide 
from the air and the consequent formation of a small amount 
of aurin. It is slightly soluble in water, and readily soluble in 
alcohol, ether, and glycerine. If carbolic acid be mixed with 
one-tenth of its weight of water, it liquefies, forming liquefied 
carbolic acid. It possesses a characteristic odour and taste 
somewhat resembhng creasote. It is a powerful antiseptic, and 
' Berliner Klin. Wochenschr., 1881. 
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a corrosive and irritant poison. Though called an acid, it does 
not redden litmus paper. The crude carbolic acid is commonly 
used as a disinfectant. This crude acid is a mixture of other 
coal-tar products with from fifteen to sixty per cent, of carbolic 
acid. It is a dark-coloured hquid possessing the mixed odour 
of carbolic acid, and of the coal-tar impurities present. If strong 
carbolic acid come in contact with the skin, it produces a white 
appearance, and the surface of the skin is destroyed and peels 
otf, leaving a wound which acquires a bro\M3ish colour. If 
carbolic acid be swallowed in poisonous doses, it exerts both a 
local and remote action ; locally it acts as a corrosive poison ; 
remotely it paralyses the nervous system, death being due to 
respiratoiy and cardiac paralysis. 

A parliamentary return of the number of deaths in England 
and Wales caused by the taking of carbolic acid shows, that 
in the five vears from 1887 to 1891 there were 375 deaths from 
this poison. These were — accident, 138 ; suicide, 236; murder 
or manslaughter, 1. Of the cases of suicide, the greater number 
occurred among females, and attempts at suicide with carbolic 
acid are also much more frequent among w^omen than among 
men. 

Sjnnptoms.— If strong carbolic acid be swallowed, symptoms 
come on as a rule at once, (i) Burning pain from the mouth 
to the stomach ; the mucous membrane of the mouth and lips 
is wliitened, and stains are produced on the skin around the 
mouth, where the acid has come in contact with it. (ii) Vomit- 
ing occasionally occurs, but, from tlie ana>sthesia of the gastro- 
intestinal tract produced by the action of carbolic acid, it is absent 
in a large majority of the cases, (iii) Respiration is laboured 
and ultimately stertorous, and tliere is the pecuHar odour of 
carbolic acid in the breath, (iv) The pupils are contracted, 
and the conjunctiva^ are insensible, (v) Giddiness, coUapse, 
cold clammy skin, and a feeble irregular pulse, (vi) Coma 
usually precedes death ; convulsions sometimes occur, (vii) 
The urine is usually diminished in amount or suppressed ; it 
is frequently of an olive-green or brownish colour, due to the 
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conversion of some of the carbolic acid into hydroquinone, and 
the oxidation of the latter to a brownish product. 

Bronchitis and pneumonia occasionally occur as sequelaB 
or com plications, probably from the action of the carbolic 
acid after absorption. Poisoning may occur from the external 
application of carbolic acid. Warren ' mentions a case In 
which, after the application of carbolic acid to the back of an 
adult, death occurred in twenty minutes. In another case that 
came under the notice of the anthor, a girl, convalescent from 
scarlet fever, was placed in a bath to which cavbohc acid had 
been added without mixing it with the water ; death occurred 
from the shock produced by the strong carbolic acid coming 
in contact with the skin. Poisoning has also occurred from 
inhalation of the vapoiu". Unthank " records a case of a man 
who was exposed to the vapour of strong carbolic acid for three 
hours. Giddiness, stupor, convulsions and coma supervened ; 
recovery took place. Bulvebash ' relates the case of an infant, 
agod three months, who was brought into a room which had 
been disinfected by spraying about six pints of a five per cent, 
carbolic acid solution. In about half au hour the child became 
exceedingly pale, diarrhcea occurred, and urine of an olive- 
green colour wiiK pasRcd. Under suitable treatment the infant 
recovered. 

Treatment and antidotei.— The stomach should be emptied 
by means of a soft stomach-tube, and should then be washed 
out with either saccharated lime-water or solution of sodium 
sulphate. If a soft stomach-tube be not available, the ordinary 
tesophagus-tube of the stomach-pump may be passed, but ex- 
treme care should be used, on account of the corroded condition 
of the walls of the oesophagus, and the consequent danger of 
rupturing them. External warmth and stimulants should be 
employed to counteract the collapse ; artificial respiration is to 
be resorted to, if necessary, and milk and other demulcent 
diinks should be freely given. 

' lied. Presi and Cire., 1882. ' Bril. Med, Jimr.. 1872. 

' Medittintkoil/ Oboircnif, 1392, 
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Fo8t-mortem appearances. — Careful search should he made 
for the stains produced by the poison on the skin around the 
mouth. The mucous membrane of the mouth and oesophagus 
is usually softened, white and corroded in parts. The mucous 
membrane of the stomach is generally hardened, wrinkled, 
and of a white or brownish colour ; in some cases it is found 
softened and corroded. Small haemorrhagic points may be 
found in the mucous membrane, and the contents of the stomach 
may be blood-stained. The duodenum may present somewhat 
similar appearances. The brain is occasionally congested, but 
generally normal in appearance, the fluid in the ventricles 
mostly possessing the odour of the acid. The lungs are usually 
congested, and the blood dark-coloured and fluid. 

Fatal dose. — One drachm of carbohc acid has caused death. 
A child six months old has been killed by the administration of 
a (Quarter of a teaspoonful of a solution of the acid in glycerine, 
containing one part of acid to five of glycerine.^ Recovery has 
several times taken place after over an ounce of the liquefied 
acid (90 per cent, strength) has been taken. Davidson * relates 
the recovery of a woman, aged forty, after swallowing four 
ounces of crude carbolic acid ; and Hind ^ relates the case of a 
girl, aged seventeen, who recovered after swallowing six ounces 
of crude carbohc acid (14 per cent, strength). Both of these 
cases received prompt attention. 

Fatal period. — Death has occurred in three and in ten 
minutes. On the other hand, it has been delayed for sixty 
hours. Usually it occurs in from three to four hours. 

Analysis and tests. — Carbolic acid may be separated from 
organic admixture by distillation with dilute sulphuric acid; 
from urine it may be removed by agitation with ether. The 
following tests should be apphed to an aqueous solution of the 
acid : — 

I. The odour, which is characteristic. 

» Brii, Med. Jour., 1682. « Med. Times and Gaz., 1876. 

» TJie Lancet, 1884. 
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II. The addition of bromine water produces a white pre- 
cipitate of tribromo- carbolic acid. 

lU. Ferric chloride gives a violet or purple colour. 

rV. On the addition of solution of ammonia and chlorinated 
lime, and after gently warming the mixture, a bluish tint is 
produced which turns red on acidulation with an acid. 

Picric Acid 

This substance is triuitro-carbolic acid, and is obtained by 
dropping carbolic acid into fuming nitric acid. It is a yellow 
dye, and is known also as cnrbmolic acul ; it ia an intensely 
bitter substance. A few cases of poisoning by it have been 
recorded, but none were attended with fatal restdts. Large 
doses have caused pain in the stomach, vomiting, diarrhoea, 
intense yellow staining of the skin and conjunctivBe, and red- 
coloured urine. 

Treatment. — The stomach should be emptied and washed 
out by means of the stomach-pump or stomach-tube. A castor 
oil purge should he given to remove the picric acid that has 
passed into the intestines. External warmth and stimulants 
should be employed to overcome the collapse, and hypodermic 
injections of morphine should be used, it necessary, to relieve 
the pain. 

Analysia and teats. — Picric acid can be extracted by means 
of ether from a solution acidilied with sulphuric acid. On 
evaporation of the ether, picric acid ia left, and. when dissolved 
in water, the following tests may be applied :— 

I. On gently warming a solution of picric acid with a small 
quantity of potassium cyanide, the yellow colour changes to a 
deep blood -red. 

II. Solution of picric acid gives with a mixed solution of 
copper sulphate and ammonia a green precipitate. 

Rksokcin 
In poisonous doses this substance produces giddiness, in- 
sensibility, weak pulse, lowered temperature, cyanosis, and a 
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cold clammy surface. Convulsions sometimes occur. The 
urine acquires an olive-green colour. 

Pybogallic Acid 

This substance as a poison acts by destroying the red blood 
corpuscles, setting free the haemogloblin in the liquor sanguinis, 
and producing hacmoglobinuria. Fatal results have ensued 
from the use of pyrogallic acid in the form of an ointment. 
The symptoms, which generally come on in from one to fifteen 
days after the first application of the ointment, are - nausea, 
vomiting, diarrhoea, prostration, haemoglobinuria, anaemia, and 
great dyspnoea. The latter is probably due to the formation of 
thrombi. 

Salicylic Acid 

The sodium salt of this acid is very commonly used in 
medicine. In large doses it occasionally produces poisonous 
effects. The symptoms may consist of haemorrhages of various 
kinds, such as epistaxis, hasmaturia, htemoiThages into the 
retina, mental disturbances, and insensibility. Nausea, vomiting, 
noises in the ears, deafness, and collapse have resulted from 
the administration of large doses of sodium sahcylate. It is 
believed by some observers that the poisonous effects are due 
to the use of artificially prepared salicyhc acid, and that they 
do not accompany the employment of the natural acid. 

Salol 

This substance is salicylic phenol, and, although generally 
considered a fairly safe antiseptic and antipyretic, it may pro- 
duce poisonous effects. Aufrecht and Behm have reported a 
case in which death followed its use in acute endocarditis. 
Chlapowski has also recorded a case in which a fatal result 
followed a fifteen -grain dose of salol. The symptoms consisted 
of vomiting, dilatation of the pupils, irregular pulse, uncon- 
sciousness, and dark urine. Death occurred twelve days later. 
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CHAPTER XXII 

Poisoning by creasote -Acetic acid —Tartaric acid— Ainyl alcohol— Amyl 
nitrite —Amyl acetate -Paraldehyde — Chloralose —Pyridine. 

Creasote 

Creasote is the name applied to a mixture of substances 
obtained from wood-tar, of which the chief are guaiacol and 
cresol. In poisonous doses it causes vomiting, epigastric pain, 
and diarrhcea. A few deaths from creasote poisoning have 
been recorded. If a person has hvcd several hours after 
swallowing the poison, its peculiar odour may have entirely 
disappeared from the viscera w^hen they are examined after 
death. 

Acetic Acid 

In the concentrated form, as glacial acetic acid, this sub- 
stance is a corrosive and irritant poison. A few cases of 
poisoning by it have been recorded. Orfila has recorded a case 
in which concentrated acetic acid was taken by a female, aged 
nineteen. She complained of pain in the stomach, suffered 
from convulsions, and died in a short time. At the post-mortem 
examination the nmcous membrane of the stomach near the 
pylorus was almost black, and the vessels were filled with dark 
coagulated blood. In 1893 a case of acetic acid poisoning, 
which was not attended with a fatal result, occun-ed in North- 
ampton. Particulars of the case were supplied to the author 
by Mr. Henry Cropley. A young w^oman, aged tw^enty-one, 
took about two teaspoonfuls of glacial acetic acid, and a few 
minutes afterwards w^as seen by Mr. Cropley. She then com- 
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plained of pain in the throat and epigastric region, and there 
was a strong odour of acetic acid coming from the mouth, but 
the mucous membrane of the lips and tongue was not whitened. 
An antidote of magnesia stirred up in water was immediately 
administered, and shortly afterwards she vomited, the vomit 
smelling of acetic acid. Laboured inspiration soon came on, 
and half an hour later she was coughing up large quantities 
of mucus, and had great difficulty in swallowing. The back of 
the throat, soft palate, tonsils, and uvula were red and swollen. 
During the next forty-eight hours large quantities of muco- 
purulent matter were coughed up, and later she developed a 
typical patch of pneumonia at the base of the left lung, which, 
however, cleared up in about a week. On the third day after 
taking the acid there was some ulceration on the left side of 
the uvula, on the left tonsil, and on the left side of the phaiynx. 
For several days she complained of pain on swallowing. In 
all probability the acid, which was taken from a bottle in one 
gulp, must have been thrown to the back of the throat, the 
front part of the mouth escaping, and either some of the 
vapour of it was drawn into the lungs, or a small quantity 
passed down into the air passages. In 1893 the author in- 
vestigated, on behalf of tlie Treasury, a fatal case of poisoning 
with glacial acetic acid, in connection with which a serv^ant girl 
named Newber was tried at the Central Criminal Court for the 
murder of a child aged ten months {Beg. v. Neicber, C.C.C., 
1894). The accused w^as convicted of the manslaughter of the 
child with acetic acid. About a teaspoonful of the glacial acid 
was poured into its mouth, and shortly afterwards the child 
w^as found with extensive whitening and softening of the 
mucous membrane of the tongue, palate, and pharynx, and it 
also had great difficulty in breathing. Vomiting occurred, the 
vomited matter containing acetic acid. Owing to the difficulty 
of breathing, tracheotomy had to be performed, but the child 
subsequently succumbed. At the post-mortem examination 
the mucous membranes of the mouth, epiglottis, and larynx 
were found eroded in patches. Erosions were also found in 
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the mucous membraoe of the cesophagus and etomach. The 
mucous membrane of the storaoch was also corrugated in 
places, and showed patches of congestion. In 1894 a boy, 
dged four and a half years, died from drinking an unknown 
quantity of glacial acetic acid. Death occurred the following 

Tartaric Acid 

This substance is not generally regarded as a poison, but, 
when taken in large doses and in a concentrated solution, it is 
capable of acting as an irritant, and of destroying life. Taylor 
and Stevenson relate a case of fatal tartaric acid poisoning 
which was the subject of a trial for manslaughter {Rtg. v. 
Waikuis, C.C.C, 1845). The accused gave to the deceased, a 
man aged twenty-tour, one ounce of tartaric acid dissolved in 
half a pint ot warm water ; a burning pain was felt in the throat 
and stomach immediately after swallowing the acid. Soda and 
magnesia were ndministerBd, but vomiting set in and continued 
until death, which took place nine days afterwards. At the 
post-mortem examination nearly the whole ot the aUmentary 
canal was found highly inflamed. Trevithick ' reports a fatal 
case of poisoning by tartaric acid from ignorant self -administra- 
tion by a woman, aged sixty-seven. The woman owned to 
having taken about two leaspoonfuis, which would bo between 
140 and 180 grains, but it was not improbable that a larger 
dose had in reality been swallowed. It was taken in very 
strong solution. The symptoms, at the outset, were acute abdo- 
minal pains, vomiting, and diarrhcea. Twenty-four hours Inter 
she was suffering from intense abdominal pain, and ihe tem- 
peratm-e was 100° P. On the fourth day the patient became 
delirious, and remained so until her death. On the same day 
the pulse began markedly to fail. The diarrhaa, which had 
lieen checked by opium and bismuth, recommenced on the day 
before death. At the post-mortem examination acute inflam- 
mation of the whole ot the alimentary canal was found, the 
' Brii. Med. Jour.. 1893. 
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mucous membrane of the small and large intestines being 
especially affected. There were a few shallow erosions of the 
oesophagus, and in the stomach there were several patches of 
subserous haemorrhages. The transverse and descending colon 
appeared to have suffered more severely than any other part of 
the intestines. 

Amyl Alcohol 

This body (which derives its name from ainyhun, starch) is 
the fusel oil obtained in the preparation of ordinary alcohol 
from the different forms of starch. It is contained in crude or 
raw whisky, but tlie sugar obtained from potato starch yields a 
more considerable amount, and hence this alcohol is sometimes 
called potato oil or potato spirit ; it is also known as oil of grain 
and faints. It is an oily colourless liquid, possessing a peculiar 
and unpleasant odour. It is not appreciably soluble in w^ater, 
but floats on the surface of it Hke an oil, hence its name fusel oil. 
The vapour is very irritating to the respiratory passages and 
lungs, and produces, after inhalation, cough, headache, and 
giddiness. Ord * records a case of poisoning by fusel oil, in 
which recovery took place. The man, sixty-four years of age, 
drank about half a pint of a mixture of equal parts of fusel oil 
and spirit. He felt no ill elTects for four hours and a half, w^hen 
he became unconscious. When seen two hours and a half 
later he was quite unconscious ; the muscles of the arms and 
legs were somewhat rigidly fixed in an extended position ; 
there was no arching of the back, the teeth were tightly 
clenched, the face bluish, the breathing shallow and infrequent, 
the pulse could only just be detected at the wrist. The pupils 
were small, the surface of the body was cold, his breath had a 
peculiar odour something like that of nitrite of amyl, or of pear 
drops. The stomach was washed out, a quantity of clear liquid 
being removed, which had a strong smell. Half an hour later 
the breathing ceased, and artificial respiration was resorted to. 
During the next hour stoppage of respiration occurred several 

• Tlie Lancet, 1889. 
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times, ant) artificial respiration was kept up during ihe greater 
part of the time. Twenty minims of ether were injected 
hypodermically, and an ounce of brandy given by the rectum. 
Tbe patient remained unconscious for eleven hours, at the end 
of which time the breath still smelt strongly of some spirit, 
and of nitrite of amyl, or the essence of the Jargonelle peai-. 
The urine drawn off by a catheter was high coloured and had 
the same pecuhar odour as the breath. During the night the 
patient slept well and sweated profusely, the sweat having the 
same odour as the breath. There was no diarrboja. 

Swain ' records a fatal case of poisoning by ' faints.' 
Faints is the latter portion of the distillate obtained on recti- 
fying crude spirits of wine from fermented potatoes, Ac, It 
consists chiefly of fusel oil mixed with large quantities of 
the secondary and primary propyl alcohols and some of the 
higher alcohols. The deceastd, a man aged fifty-seven, hud 
been a heavy drinker, and was, and had been, in the habit of 
drinking heavily of faints, which could be obtained in large 
quantities from a distillery for nothing. At the post-mortem 
examination a strong smell reaembUug nitrite of amyl, which 
pervaded all the organs of the body, was noticed. The kidneys 
were rather dark; there was no diminution in the cortex, 
and the capsule peeled off easily. The liver was normal, and 
weighed sixty ounces. The mucous membrane of the stomach 
was soft and thick, and the contents consisted of about three 
ounces of a reddish grumous material containing blood. The 
ventricles of the brain contained about one ounce and a half of 
clear fluid possessing the odour above mentioned. 
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Bosen ^ records a case of a young man, aged twenty-two, 
who swallowed about four fluid drachms of nitrite of amy! while 
suffering from an epileptic seizm'e. Vomiting occurred ; when 
seen, the face was pale, the lips bloodless, and the pulse 110 a 



'. ytid. Jour., 1891. 
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aged twenty-nine, who was employed as a stillman at ^me tar 
works, and who accidentally swallowed half a cupful of pyri- 
dine. He subsequently vomited several times, and when seen 
seven hours and a half later he was pale, with slightly cyanosed 
lips, a dry white tongue, and was perspiring freely. The tem- 
perature was lOS^"*, the pulse was 128, and was weak and 
intermittent, and the respirations were 40. The breathing was 
noisy, due to coarse mucous rales. He complained of tightness 
in breathing, a choking sensation, pain down the centre of the 
chest, and pain over the stomach. Demulcents were given and 
a brandy enema administered. White and frothy expectoration, 
possessing the odour of pyridine, was coughed up, and the breath 
had a similar odour. The following day his temperature was 
104°, but gradually subsided during the day ; the expectoration 
became piu'ulent, and the lungs showed signs of acute conges- 
tion and bronchitis. A few hours later the temperature rose 
to 105'8^ ; the patient became delirious, and died forty-three 
hours after the accident. At the post-mortem examination, the 
larynx, trachea and bronchi were found hned with a friable 
yellow membrane, and the bronchi contained purulent matter. 
The lungs were congested and oedematous. The oesophagus 
and cardiac end of the stomach were gi'eatly congested, and 
the pyloric end and commencement of the duodenum slightly so. 
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warm. She was wholly unconscious, and could not be aroused. 
Strychnine was injected hypodermically, ammonia appUed to 
the nostrils, and faradic electricity resorted to. The urine on 
being drawn off was found to be redolent of paraldehyde. 
Thirty-four hours after taking the dose slight consciousness 
returned, but it was not until an inters^al of forty-one hours 
had elapsed that she regained sufficient consciousness to 
speak ; recovery ultimately took place. 

CliLORALOSE 

Lang * reports a case in which a lady suffered from symptoms 
of poisoning after taking ten grains of chloralose. She had 
previously taken as much without ill effects. On the occasion 
referred to she had taken ten grains in two doses with an 
hour's interval between the two. When seen three hours and 
a half later she was in a semi-comatose condition, and the face 
was congested and bluish, the pupils were equal and somewhat 
dilated, pulse 60, and the skin was warm and moist. After the 
stomach had been washed out, and an enema of hot coffee 
administered, recovery soon occmred. Touvenaint^ reports 
a case of a diabetic patient, aged sixty, who, after taking three 
grains of chloralose, suffered from general tremor, incoherent 
speech, inabihty to move, nausea, dysphagia, deafness, coldness 
of the surface, and involuntary passage of urine and faeces. 
Recovery took place after the employment of enemata of black 
coffee, and injections of caffeine and ether. 

Pyridine 

Helme ^ records a fatal case of poisoning by this substance. 
Commercial pyridine is a colourless volatile fluid, with charac- 
teristic odour and taste, and is sometimes used to render 
alcohol imdrinkable. The subject of the case was a man, 

» Brii. Med. Jour,, 1893. * Jour, des Praciiciens, 1894. 

» Brit. Med, Jour., 1893. 
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the lungs putrefiable organic matters are present, and these 
organic substances have a decidedly deleterious effect on the 
health of human beings breathing such air. When carbon 
dioxide in the air of an inhabited room exceeds '06 per cent., 
these putrefiable organic matters may become noticeable by a 
faint smell, which renders the air stuffy or foul. Since these 
organic matters are extremely difficult to estimate, the deter- 
mination of the amount of carl3on dioxide present becomes a 
useful gauge of the foulness of the air. Carbon dioxide is not 
a poison if swallowed into the stomach ; in the form of effer- 
vescent waters and other drinks it is taken in considerable 
quantities, but if inhaled in quantity, it produces death from 
suffocation, on account of its diluting down, and taking the 
place of, the necessary oxygen of the air. In cases where car- 
bon dioxide is contained in large quantities in a confined por- 
tion of air— as in the air of a well, or in vats used for brewing 
purposes -a rough test is to ascertain whether the air is 
capable of supporting the combustion of a candle. If the 
candle be extinguished in such an atmosphere, then it w^ould be 
extremely dangerous for a human being to descend into it ; but 
if the candle continue to burn, it does not by any means follow 
that the atmosphere can be breathed even for a short time w4th 
impunity, since a candle will burn in air containing 10 to 12 
per cent, by volume of carbon dioxide, and although such a 
mixture might not prove immediately fatal to a human being, 
yet it would soon cause insensibiUty and ultimately death to 
anyone breathing it. 

Symptoms. -If pure carbon dioxide be inhaled, it produces 
spasm of the glottis and rapid death from asphyxia, unless the 
inhalation of the gas is immediately stopped. If present in 
poisonous amounts in the air, the following symptoms are pro- 
duced: — (i) A sensation of pressure within the head, accom- 
panied by noises in the ears, (ii) Vertigo, loss of muscular 
power, stupor and coma, (iii) The respiration is laboured, and 
the face is livid or occasionally pale. 

Taylor and Stevenson mention the case of a boy who fell 
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into a large brewing vat among some wet hops, and speedily 
died from respiring the atmosphere of carbon dioxide; two 
men successively endeavoured to rescue the boy, but each 
•died in the attempt. A case is also mentioned by Taylor and 
Stevenson of a man who descended into a large vat, having 
previously applied the candle test ; he was heard to cry out 
' There is gas here,' and instantly fell back dead. Biggam * 
relates the occurrence of two deaths from carbon dioxide dis- 
charged from the ground into a house. On arriving at the 
house he found a girl, aged nineteen, already dead, and the other 
occupants of the house were suffering from the following sym- 
ptoms : — Intense headache, giddiness, nausea, vomiting, and 
pain in the region of the stomach. One of these person^ died 
on the fourth day without having recovered consciousness. 
These accidents indicate the importance of protecting houses 
from ground emanations, especially in mining districts where 
these cases occurred. The occurrence took place after several 
weeks of continuous frost, when the ground was rendered more 
or less impervious except under the houses. 

Treatment. — This consists in immediate removal from the 
poisonous atmosphere ; artificial respiration should be carried 
on at once, with inhalations of oxygen if possible ; stimulants 
should also be administered. 

Post-mortem appearances. — Those of death from asphyxia 
(see ii. p. 106). The venous system and right heart are found 
filled with dark-coloured liquid blood ; the lungs are congested. 

Carbon Monoxide or Carbonic Oxide. 

Carbonic oxide is the poisonous constituent of a great 
number of mixed gases. The burning of charcoal produces 
carbonic oxide mixed with carbon dioxide. It is also produced 
by burning coke, and is contained in the gases evolved from 
blast-furnaces, and from regenerator-furnaces. It is also con- 
tained in gases evolved from slow-combustion stoves and 

» Brit, Med. Jour., 1893. 
VOL. I. . CO 
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gas^jline stoves. Coal gas contains a certain amount of car- 
bonic oxide, to which its poisonous properties are mainly due. 
Water gas, obtained by passing steam over heated coke, con- 
tains about 40 j>er cent, by volume of carbonic oxide, th^ 
remainder being principally hydrogen. Carbonic oxide is a 
colourless, odourless, and tasteless gas ; it is extremely 
poisonous, and, on account of its possessing no odour, the 
deadly alnjosphere may l>e inhaled without the person inhaling 
it lK,'ing aware of the presence of this gas. Its effects aic 
insidious, because, in addition to its being destitute of odour, 
it exercises no irritating effect on the air-passages, but rather 
acts as a narcotic, so that it mav be breathed without any alarm 
Ixjing excited in the victim. One of its effects is to cause loss 
of the power of movement, and even of desire to make any 
exertion. Even if present in the atmosphere in a very small 
quantity, it may produce a fatal result, if that atmosphere be 
respired for a long period ; this is due to the carlx)nic oxide 
possessing the power of uniting with the haemoglobin of the 
blood, forming a fixed compound, which is incapable, except 
after a prolonged period, of taking up oxygen from the air. In 
the case of a person breathing an atmosphere containing only a 
small amount of carbonic oxide, the haemoglobin of the blood 
Would select the carbonic oxide from the air drawn into the 
lungs, and so in time the blood would become charged with this 
comi)ound of carbonic oxide haemoglobin. One-tenth per cent, 
of carbonic oxide in an atmosphere is dangerous, and, according 
to Stevc'iison, is capable of destroying life. A somewhat com- 
mon method of committing suicide in France and some other 
countries consists in inhaling the fumes of burning charcoal, 
l)lac(Kl in the centre of a closed and non-ventilated room. In 
this way the atmosphere of the room becomes impregnated 
WMth a mixture of carbon monoxide and carbon dioxide, the 
former, however, being the principal poisonous constituent. 
An analysis of the atmosphere of such a room has yielded 4*6 
per cent, of carbon dioxide, and 5 per cent, of carbon monoxide. 
Water gas, as previously stated, is a mixture mainly of carbonic 
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oxide and hydrogen, containing about 40 per cent, by volume 
of the former gas. Water gas is especially a dangerous gas to 
employ in houses, since, on account of the absence of odour, 
leakages of it are not detected except by the production of 
poisonous symptoms or fatal results. In the United States 
many fatal accidents have occurred from its escape into the air 
of rooms. 

Symptoms. — On accoimt of the peculiar narcotic influence 
of carbonic oxide when absorbed into the blood, which causes a 
loss of power of movement, and even of the desu-e to make any 
exertion, a person exposed to its influence may be powerless to 
escape from the poisonous atmosphere. The follow^ing are the 
symptoms generally noticed : — (i) Headache, giddiness, noises 
in the ears, nausea, and occasionally vomiting, (ii) Great 
prostration, insensibility and coma. In fatal cases convulsions 
may precede death. 

Ruata * reports a case in which a patient for live days 
showed signs of active dehrium without any apparent cause. 
It was afterwards ascertained that he had for some days pre- 
viously been exposed to the fumes of a coke stove in a closed 
room, and that during this time he complained of frontal head- 
ache and became very depressed. 

Treatment.- The patient should be removed from the 
poisonous atmosphere at once ; artificial respiration should be 
resorted to, and oxygen inhalations given from time to time. 
Stimulants should be administered. Two cases have been 
recorded in which subcutaneous injections of nitroglycerine 
were followed by recovery, and another case has been recorded 
in which transfusion was followed with fairly satisfactory re- 
sults. 

Post-mortem appearances. — The post-mortem stains have a 
peculiar bright pink colour. Apart from the colour of these 
stains, the skin is pale ; the eyes are bright and staring, the 
pupils dilated, and the jaws fixed. The blood is of a bright red 
or cherry-red colour, the colour being due to the compound of 

' Oazz. Med, di Torino, 1892. 
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carbonic oxide with hjcmoglobin. The viscera are also of a 
bright red colour on account of their being charged with the 
coloured blood. Rosy blood-stained fluid may bo found in the 
stomach, bladder, and cranial cavity. Rigor mortis is usually 
prolonged and putrefaction is delayed. Stevenson * states that 
portions of the liver from a case of water-gas poisoning showed 
an unchanged aspect, and retained the odour of the fresh liver 
seven weeks after death, although no presei'vative had been 
used ; portions of the stomach and duodenum were at that time 
unchanged in appearance ; he describes the keeping powers 
of the viscera as phenomenal. The bright colour of the blood 
remains for a long time, and the rosy hue of portions of the 
viscera has been observed by Stevenson after a lapse of seven- 
teen months. 

Spectroscopic examination of the blood.- Blood which is 
fully saturated with carbonic oxide shows, when examined by 
the spectroscope, two bands of carbonic oxide haBmoglobin, 
which somewhat resemble those of oxyhtpmoglobin, although 
they are rather nearer the violet end of the spectrum, and are 
more refrangible than the latter (see Frontispiece). In exam- 
ining blood for carbonic oxide, it is best to use a spectroscope 
which enal)les the two spectra to be S(;en superposed — that of 
the blood under examination, and that of normal blood. The 
differences in position and refrangibihty of the bands of c;:ibonic 
oxide haemoglobin and oxyhiemoglobin are then clearly seen. 
On the addition of a reducing agent, such as Stokes's solution, 
or yellow ammonium sulphide, the spectrum of the carbonic 
oxide hien)oglobin remains unchanged, whereas that of the 
oxyhiemoglobin changes to a one-banded spectrum. It should 
be ])orne in mind that the spectroscopic test works with absolute 
accuracy with blood fullv saturated with carbonic oxide, but if 
the l)lood ])e not fully saturated with that gas, then there is 
present a mixture of carbonic oxide hienioglobin and oxy- 
haanoglobin, and, on tlie addition of a reducing agent, the 
huDmoglobin in union with the oxygen becomes reduced, so 

' Ou\j6 Ilosjf. Hij>ts., 18y0. 
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that in such a case the spectrum undergoes some change on 
the addition of the reducing agent, the reduced haemoglobin 
showing the broad band upon which are superimposed the two 
bands of the carbonic oxide haemoglobin (see Frontispiece). 

Another test for blood containing carbon monoxide is to 
dilute one part of the blood with nineteen parts of distilled 
water, and then add an equal volume of sodium hydrate 
solution (sp. gr. 1-34) ; the solution containing carbon monoxide 
blood, after a momentary turbidity, becomes bright, and light 
red in colour ; that containing ordinary- blood changes to dirty 
brown. 

Sulphuretted Hydrogen 

In the pure state this gas is quickly fatal. Sewer gas con- 
tains sulphuretted hydrogen, to which its toxic effects are 
chiefly due. 

Sjrniptonis.-- If inhalei in the diluted state, sulphuretted 
hydrogen causes nausea, sickness, pain in the head, difficulty 
in breathing, giddiness, and insensibility. The secondary effects 
are rare. Wiglesworth * records the case of a man employed 
in some chemical works, who, after having inhaled sulphuretted 
hydrogen by accident, became maniacal, and continued so for 
two or three weeks ; he did not recover his full mental vigour 
until about five months had elapsed. In cases of poisoning 
by this gas death is probably due to paralysis of the central 
nervous system, affecting especially the lungs and heart. 

Treatment. — Removal of the patient from the poisonous air. 
Artificial respkation and inhalations of oxygen should be em- 
ployed ; stimulants should also be administered. 

Post-mortem appearances.— The blood is hquid and of a 
brownish-black colour, from conversion of the iron of the 
haemoglobin into sulphide of iron. Putrefactive changes quickly 
follow death. 

• Brii. Med, Jour., 1892. 
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Coal Gas 



Coal gas consists of about 90 per cent, by volume of 
diluent gases, and about 6 per cent, by volume of illuminantSf 
^vhich consist of hydi'ocarbon gases or vapours rich in carbon, 
to the presence of which the luminosity of coal gas, when burnt, 
is due. The 90 per cent, of diluent gases is made up of 50 per 
cent, of hydrogen, 35 per cent, of marsh gas, and 5 per cent, of 
carbonic oxide, and it is to the latter gas that the poisonous 
properties of coal gas are mainly due. The majority of cases 
of poisoning by coal gas occur from the escape of gas into the 
atmosphere of rooms from the tap not having been turned off, 
or from its having been turned on without lighting the gas. 
Templeman * relates a case of poisoning by coal gas in ground 
air, in which the gas escaped from a broken pipe which was 
thirty inches below the surface and three feet from the wall 
of the house. There had been a prolonged and severe frost, so 
that the ground was very hard, and this prevented the gas 
escaping into the outside air ; but as no provision had been 
made to prevent the entrance of ground air into the house, the 
mixture of coal gas and ground air had l>een drawn in. The 
house possessed only one room, the occupants of it consisting 
of two females and a man, all of whom slept for some hours in 
the room which wft% impregnated with the coal gas. When 
seen by Templeman they were all unconscious, the extremities 
were cold, their pulses imperceptible, and the pupils were ex- 
tremely contracted. The man died about ten hours, and one 
of the females twenty-seven hours, later. 

Symptoms. — The symptoms produced by the inhalation of a 
mixture of air and coal gas are— (i) Giddiness, headache, nausea, 
and vomiting, (ii) Contracted or dilated pupils, clenched jaw. 
froth issuing from the mouth, and odour of the gas in the 
breath, (iii) Collapse, confusion of intellect, loss of conscious- 
ness, and convulsions. 

As with carbonic oxide poisoning, the breathing of coal gas 

' BHt, Med. Jour,, 1893. 
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produces a condition of stupefaction, and so renders a person 
unable to save himself by withdrawal from the poisonous at- 
mosphere. 

Broadbent ^ reports the case of a man, aged forty-three, who 
had slept all night in a small unventilated room with gas tui'ned 
on. When seen he was unconscious and could not be roused, 
the face was flushed, lips red, pupils not dilated and reacting 
to light. Some hours later his consciousness had not retui'ned, 
and oxygen inhalations were given ; twelve ounces of blood were 
removed by venesection, and the following day twelve ounces 
of defibrinated human blood were transfused. After this, con- 
sciousness slightly returned, and he was able to speak a little. 
Two days after the poisoning with the gas he was able, after 
much rousing and stimulation, to speak a little, but when left 
alone relapsed instantly into a state of stupor. For ten days 
his condition improved, but he then relapsed ; paralysis, especi- 
ally of the arms and legs, came on, accompanied by extreme 
muscular wasting. On the eighteenth day after the poisoning 
by the gas he passed into a condition of coma, and died on 
the nineteenth day. At the post-mortem examination softening 
of the lenticular nucleus and of the posterior part of the internal 
capsule was seen on naked-eye inspection. 

Treatment. — The patient should be immediately removed 
from the poisoned atmosphere ; the tongue should be pulled 
forward, and artificial respii*ation resorted to. External warmth 
and stimulants should be employed. Galvanism may also be 
resorted to, one pole being applied to the nape of the neck and 
the other over the epigastrium. In cases of poisoning by coal 
gas the blood is found liquid, and of a bright red or cherry-red 
colour, due to the formation of carbonic oxide haemoglobin. 
Usually there is congestion of the brain and its meninges, the 
surface of the brain being generally of a bright red colour. 
The nmcous membrane of the respiratory tract is generally 
strongly injected, and the substance of the lungs is of a bright 
red colour. 

' Brit. Mcih Jour,, 1893. 
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NiTKOUs Oxide, ob Laqohino Gas 

This gas is commonly employed as an aciesthetic in mine 
operations, and especially in connection with the exiruetiim < 
teeth. As an aua^stheiic laughing gas operates by pnxlucin 
temporary asphyxia — that is, it prevents oxidative changes i 
the blood, and, as in death from asphyxia, respiration is arrest* 
before the heait ceases to beat. On very i-are occasions tli 
administration of nitrous oxide has produced fatal eSccts ; in il 
majority of such cases some previous weakness or disease i 
the heart is responsible for the fatal result. 

Gaser of Explosives 

With the majority of explosives, the balk of the (ra>i 
generated consists of carbon dioxide and nitrof^en. The gu> 
generated by the explosion of gunpoivdcr consist of carln 
dioxide, nitrogen, carbon monoxide, [xttassiuin sulphide (tormi: 
the smoke), and some cyanogen compounds. IrVoin the poia 
slum sulphide a little sulphuretted hydrogen is libenitL-J, it 
parting the peculiar smell to the gun])o\vder smoke. 

Gun-cotton, nitroglycenne, and dynamite, when explodtf 
yield a mixture of carbon dioxide, carljon raonoxiile. and nitrofie 
Buburite and tonite (see p. 3C1) arc compounds that are fi' 
quently used in coal-mines as substitutes for gunpowder l 
blasting purposes. The sul)]ect of the composition of the (Tim 
evolved by tlie explosion of these compounds has rocenily U.'c 
investigated by a committee appointed to ascertain whetlit 
their use is likely to have a deleterious effect on the health < 
the men employed in blasting operations. Bedsoii, who v;; 
ductetl the chemical part of the examination, found thai tli. 
vitiation of the air with carbon dioxide after the explosion u 
roburito or tonite was umch the same as in the case of f^n 
powder, and tliat traces of carlmn monoxide could also U 
detected. With the ventilation provided in the mines, tin 
fumes were speedily dissipated, so that rohnrite and tonite Ji 
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not present any special dangers as compared with gunpowder, 
except for the fact tliat the fumes from roburite are much less 
visible, and the miners might therefore be tempted to return 
too soon after the explosion. The committee therefore came 
to the conclusion that the products from the explosion of 
roburite, tonite, and conite are not more deleterious than the 
products of the explosion of gimpowder ; that, with regard to 
the effects of the explosion of roburite, no chemical evidence 
was obtained of the presence of nitrobenzene, and throughout 
the enquiry no case of nitrobenzene poisoning was met with. 
Hatton ^ reports a fatal case of inhalation of roburite fumes. 
The deceased, a miner, after firing a roburite shot and allowing 
eight minutes to elapse, proceeded to take down the hanging 
coal. A few minutes later he complained of pain in the head 
and faintncss. Next day he was suffering from dizziness, pain 
in the head, and marked cyanosis about the lips ; his articulation 
was thick and almost unintelligible. The pain in the head 
increased in severity, coma rapidly supervened, and the patient 
died on the third day. At the post-mortem examination, mads 
on the second day after death, the only noticeable point on 
external examination was the cyanosis of the hps. The dura 
mater was inflamed, and there was intense venous congestion 
on the surface of the brain, with some superficial' encephalitis ; 
punctiform ecchymoses were found throughout the brain. On 
opening the thorax there was no odour perceptible. Tlie lungs 
were congested, but the remaining organs were healthy. There 
was no trace of carbon monoxide in the blood, nor of the presence 
of any nitrobenzene compounds. 

' The Lav.cct, 1H02. 
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ANTMAL POISONS 



CHAPTER XXIV 



Poisoning by cantharides— Snake poisons — Ptomaines, or animal alkaloids 
— Ptomaines and disease— Poisonous and infected foods. 





Cantharides 

Cantharis Vesicatoria is the S2)anishfli/ ov blister-beetle. When 
taken in the form of the solid fly powder, or of a preparation 
such as the tincture or acetum cantharidis, Spanish fly is an 
irritant to the gastro-intestinal tract and to the urinary organs. 
It is sonietinies employed as an abortive and also to excite 
sexual feeling. With regard to its use as an abortive, pregnant 
women have been known to abort after administration of can- 
tliarides, but in all pro])ability it possesses no true ecbolic 
properties. The expulsion of the uterine contents are, in such 
cases, most proba])ly brought about as the result of the intense 
irritant effect of the cantharides, especially upon the intestinal 
tract. In the majority of the cases where abortion has been 
procured by means of cantharides, the life of the woman has 
been sacriiiced. The active principle of cantharides is eau- 
tliaridin. Cantharides kills by producing paralysis of the 
respiratory centres. 

Sjrmptoms. - (i) Burning pain in the n)Outh and throat, with 
difliculty of swallowing, (ii) Violent pain in the abdomen, 
nausea, and vomiting of blood-stained mucus, (iii) Great thirst, 
sahvation, and purging, with tenesmus, may occur, (iv) Dull 
pain in the loins, and a constant desire to micturate, a few^ 
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drops of blood-stained urine being passed, accompanied by 
strangur}'. (v) Irritation of the genital organs, accompanied 
by swelling and heat, (vi) Giddiness, faintness, delii'ium, and 
convulsions. 

Treatment. — The soft stomach-tube should be passed and 
the stomach emptied and washed out ; if the tube be not 
available, an emetic of mustard and water, or a hj^odermic 
injection of apomorphine, may be administered. Stimulants 
should be given, and morphine or opium to relieve the pain. 

Post-mortem appearances. — Careful search should be made 
in the contents of the stomach and intestines for shining 
green particles of the insect. The mucous membrane of the 
stomach and intestines is generally inflamed, and may show 
marks of erosion. Inflammation of the kidnevs, uterus, bladder 
and urethra is generally evident. 

Fatal dose. — Twenty-four grains of cantharides in powder 
have proved fatal to a young woman. One fluid ounce of the 
tinctm'e has caused the death of a youth aged seventeen. 

Analysis and test. — Cantharidin may be extracted from 
organic admixture, such as the contents of the stomach, by 
Dragendorff's method, which is conducted as follows :— the 
organic mixture is boiled with caustic potash and water, filtered, 
acid added to the filtrate to set free tlie cantharidin from its union 
with the caustic potash, and the filtrate boiled with four times 
its volume of alcohol. After cooling, the alcoholic solution is 
filtered, and the filtrate is evaporated and the residue extracted 
with chloroform to dissolve out the cantharidin. On evapora- 
tion of tlie chloroform extract the cantharidin is left, and may 
be detected by its vesicating properties. To do this the residue 
should be dissolved in a drop or two of almond oil or olive oil, 
and a drop of the solution taken up with a small quantity of 
cotton wool ; the wool is then applied to the inside of the arm, 
a piece of oil-silk placed over the wool, and the whole strapped 
to the arm with some sticking-plaster. After some hours the 
effect may be examined, when a blister will have been raised i^ 
only a very minute amount of canthaiidin has been present. 
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Snake Poisons 

Cobra poison. After a bite from this poisonous snake there 
is frequently very little sign of external injur}-. A slight scratch 
or puncture indicates the site of the bite, and the areolar tissue 
beneath is of a pui-ple colour and infiltrated with purple blood- 
stained fluid. Outside the pui-ple areola there is generally a 
bright scarlet ring of inflammation, and this fades into the 
normal colour of the surrounding skin. These appearances 
are due to the irritant properties of the cobra poison. The 
first symptoms following on the bite are local pain and smarting 
of the bitten part, after which there follows an interval, the 
average duration of which is about an hour (it may be as short 
as a few minutes, or as long as four hours). The symptoms 
then rapidly develop, and consist of a feeling resembling that 
of intoxication, followed by loss of power over the legs, loss of 
power over the speech, over swallowing, and of the movement 
of the lips. The tongue hangs out of the mouth motionless, 
saliva nuis down the face, and, as pointed out by Wall,* the 
condition closely resoni])les that of glosso-pharyngeal paralysis. 
Death occurs usually in from one to two hours after the bite. 

Common viper poison. —The common viper, which is still 
found in some paits of Groat Britain, produces, as the result of 
its ])ito, dilatation of the pupils, lowering of temperature, con- 
vulsions, paralysis, and death. The course is urually ver>' rapid. 

Death-adder poison. - Death-adder is the most deadly of the 
Australian snakes. Kecently cases of poisoning by this snake 
have ))een successfully treated by employing strychnine as an 
antidote. The action of the poison, no doubt, is to produce 
paralysis of the motor and vaso-motor centres. Mueller has 
injected as an antidote strychnine, employing, in less than 
six hours, quantities of strychnine that would have been fatal 
but for the antagonism existing between it and the snake 
poison. In some instances as nmch as half a grain to a gi'ain 
of strychnine has been required to turn the scale in favour 

• Vroc. Roy. Soc, 1881. 
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of the patient. Hunt ' records the case of a child, sixteen 
months old, who was bitten on the finger by a death-adder. A 
few minutes after the bite the top of the finger was removed, 
the stump sucked, and then drenched with ammonia. When 
seen three hours later by Hunt, the child was almost comatose, 
the body and extremities were cold and clammy, the pupils 
widely dilated and insensible to light, and the pulse rapid, 
feeble and irregular. Strychnine was hypodermically injected. 
External warmth was applied, and a strong faradic current 
applied to the nape of the neck and along the spine. In two 
hours' time the child was practically out of danger. 

The snake poisons are probably albumoses of an extremely 
toxic nature. No definite chemical composition can as yet be 
assigned to them, as they have not been isolated sufficiently 
pure to allow of an exhaustive analysis. 

Treatment. -The best treatment in the case of a bite from a 
poisonous snake is for the wound to be immediately sucked ; the 
sahva, &c. should be spat out of the moutli after sucking, and the 
mouth rinsed with water. After sucking the wound, it should 
be bathed with solution of potassium permanganate, to destroy 
any of the poison that may be left on the surface. Strychnine 
should then be injected hypodermically, and the administration 
of it pushed as far as necessary. Galvanism and artificial 
respiration should be employed if required. 

Ptomaines or Animal Alk^vloids 

The word ptomaine is derived from Trrw/ia, a dead body. 
Ptomaines, also known as cadaveric alkaloids, are alkaloids 
produced by the decomposition of animal substances. The 
term ptomaine was at first restricted to alkaloids produced by 
cadaveric decomposition, but it is now also employed to de- 
signate alkaloids of animal origin formed during life as a result 
of chemical changes induced by some agency acting within the 

organism. 

' Austral. Med. Gaz., 1891. 
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The term leucumainc has recently been introduced to par- 
ticularise the animal alkaloids formed during life from those 
produced by decomposition of dead animal matter ; but it 
would be preferable for the terms lAomaines and leucomaines 
to be abandoned, and to class these bases of animal origin in 
one category as animal alkaloids. 

It is now well known that the power of manufacturing 
alkaloids is not restricted to plants, but is shared by aninuil 
organisms. In 1H22 Gaspard and Stick extracted a venomous 
principle from coq^ses. In 1856 Panum detected a very active 
poison in putrid matter. In 1866 Dupr6 and Bence Jones 
found an alkaloidal substance, resembhng quinine in some of 
its properties, in the Hver. In 1868 Bergmann and Schmiede- 
berg obtained from putrid beer a nitrogenous crystalline sub- 
stance, which they called sejJsinCf and which was subsequently 
thought to be discovered in septiciemic blood. In 1871 Selmi, 
examining the dead body of a person supposed to have been 
poisoned, extracted an alkaloid which he was unable to identify 
with any known body, and was led to suspect that it had been 
produced after death ; and in 1877 Selmi, by subjecting pure 
albumen to putrefaction, produced and separated two new 
alkaloids. Since then Gautier and Brieger have made exten- 
sive researches, resulting in the discovery of several animal 
alkaloids. 

Creatinine, discovered in urine by Liebig and Pettenkofer, 
was the iirst body of animal origin acknowledged to be an 
alkaloid. Later on, Liebrich detected the already known 
vegetable alkaloid betaine in normal urine. In 1880 Pouchet 
detected carnine in the urine of man ; and this was confirmed 
in 1881 by Gautier, who showed that it possessed the general 
properiies of a ptomaine. In 1882 Bouchard demonstrated 
that, not only were alkaloids present in appreciable quantities 
in normal urines, but that they augmented notfibly in the 
coiu'se of certain maladies typhoid fever, for instance. These 
results have been confirmed by Lepine and Aubert, and by the 
author, who has extracted from tlie urines of typhoid and scarlet 
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fever patients ptomaines wliich are present in ^'reatest amount 
during the heiglit of the fever, but wliich diminish as the fever 
subsides. 

Ptomaines of known composition.- The common ancestor 
of alkaloids, whether animal or vegetable, is albumin, the 
complex albumin molecule being sjilit uj), citlicr by bacterial 
agency or otherwise, into several less complex moluciiles, 
among which are tlie animal alkaloids. The following is a 
list of the principal ptomaines that liave been extracted from 
putrefying animal matters, and (with the exception of 
mydaleine) submitted to ultimate analysis: 

CollocJiHCf C^HnN, from putrefying horscilush and mackerel. 

Parvoiinc^ Cj,H,;,N, from putrefying horseflesh and 
mackerel. 

Unnamed baac^ C10II15N, from putrefying librin of bullock's 
blood. 

JIi/tirocollo(Iini\ C^HijiN, from putrefying horseflesh and 
mackerel. 

Putreacinc, C.,H|_,N2, from human corpses. 

NeurUUnp, C^lfi^N.j, from human corpses, and from putre- 
fying fish and cheese. 

Cadaver inCf Cr,II|,iN.j, fiom hiunan corpses. 

Neurinc, C:,Ili:tNO, from human corpses. 

Mydalcbic, from hunum coipses. 

Muscarine^ C.-,11,3N02, from putiid lish. 

Choline^ CftllisNO-,, from human corpses. 

Gadinine, CyllnjNO.j, from putrid codfish. 

Animal alkaloids are also a necessary product of vital 
physiological processes, and have been extracted from the 
secretions of living beings, and from fresh animal tissues. Tlie 
following is a list of the principal animal alkaloids so 
obtained : — 

Creatinine, C4H;N;,0, fiom uriiu'. 

P&eudoxantlfinr, (\li,^:,0, from urine and Ilesli. 

SarkinCj C:,H4N.,(), from urine and llesh. 

Xanthine, CJH4N4O2, from urine .md llesh. 
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Crusoe reatininey Cfji^^fiy from fresh meat. 

Xanihocreatinine, C5H,oN40, from fresh meat. 

Giiwime, C5H5N5O, from flesh and guano. 

Gamine, Q^JYi^^^Ov^, from fresh meat. 

Betaine, CsHnNOj, from m-ine. 

MytilotoxinCy C6Hi.iiN02, from poisonous mussels. 

Ptomaines and disease.— Animal alkaloids are being inces- 
santly produced within our bodies as a result of the nomiHl 
physiological processes, and they are eliminated by the bowels, 
kidneys, liver, skin, and lungs ; but if from any cause these 
eliminating organs fail to perfectly fulfil their excreton- 
functions, then an accumulation of those alkaloids in the 
system occurs, and a toxic action is exert^^d by them on the 
nervous centres. In this way can be explained the headache 
resulting from constipation, and the more serious nenous 
symptoms resulting from deficient excretor\' action of the 
kidneys in certain diseases of those organs. The removal of 
these animal alkaloids is, however, not only effected bv the 
excretory organs, but, in addition, a powerful agent for their 
destruction is at work in the oxygen of the blood, which is con- 
tinually oxidising and destroying them ; and it seems prolwihle 
that this combustion to a large extent occurs in the Uver. If. 
while the excretory organs remain sound, there be excessive 
production of animal alkaloids, but insufficient elimination and 
destruction -a condition which is obtained in all forms of over- 
exertion, as in a prolonged march— then accumulation of 
material, elaborated in excess and imperfectly eliminated or 
destroyed, occiu*s, and an auto-infection, a temporary poisoning 
of the system, results, the poison affecting the nervous centres 
and producing the fever of over-exertion — the fever of prostra- 
tion. 

As regards the infectious fevers, it is probable that, after tiio 
admission of the specific micro-organisms into the bodv. aini 
provided they find the conditions suitable, thev live ani 
multiply, and, as a result of their vital activity, a powerful 
alkaloidal or other poison is produced, the toxicity of which is 
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the cause of the symptoms of the disease. If so, each infec- 
tious fever is the result of a fermentative decomposition of 
albuminous matter within the body, induced by a special micro- 
organism manufacturing its o\vn peculiar poison for each 
disease. 

In addition to these diseases, it seems probable that, in 
many non-contagious diseases, abnormal chemical changes may 
take place, independently of bacterial agency, and may result in 
the formation of poisons which exert a toxic influence on the 
organism within which they are produced. The toxic agent 
of exph-ed air is probably a volatile ptomaine, or mixtm-e of 
ptomaines. 

It has been stated that all ptomaines have an action 
directly opposite to atropine. This, however, is incorrect, 
since from putrefying meat infusion a ptomaine has been 
obtained, wliich, like atropine, causes dilatation of the pupils ; 
mydaleine (obtained from putrefying corpses) also has a Hke 
action on the pupils. Lauder Brunton * remarks that * most of 
the alkaloids which have been obtained by the decomposition 
of albumen appear to belong to the muscarine type, although 
some appear to belong rather to the atropine type.' 

Extraction of ptomaines. —Ptomaines can be extracted from 
organic matters by the general process for alkaloidal extraction 
(see p. 254). 

An occasional defence set up in murder ti-ials, when one 
or other of the rarer vegetable alkaloids has been used as a 
poison, is that the alkaloidal poison extracted by the toxicologist 
may have been a ptomaine produced by putrefactive or other 
changes in the body of the deceased person. Another point of 
medico-legal interest attaching to the ptomaines arises from a 
remote liability of their being confounded with some of the 
vegetable alkaloids, and so leading to mistakes in medico-legal 
practice. As a fact, however, only two ptomaines that have 
been isolated from corpses are active poisons, viz. — neurine and 
mydaleine. Neurine does not appear until five or six days after 

' Disorders of Digestion, p. 291. 
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death, and mydaleine not until seven days after, and then only 
in minute quantities. In the period after death during which 
post-mortem examinations are usually made, choline is the only 
ptomaine present, and this is a very feebly poisonous body. 
Even if putrefactive changes are well advanced, ptomaines are 
only present in very small quantities, and if extract^, althoutrh 
they answ^er to many of the alkaloidal gi'oup-tests, yet they do 
not respond to the special tests and groups of tests given hv 
the vegetable alkaloids. It is ti*ue that there is no test by 
which ptomaines as a class can be distinguished from vegetable 
alkaloids, but, on the other hand, no ptomaine as yet discovered 
yields the same chemical reactions, and possesses the same 
physiological properties, as any of the vegetable alkaloids. 

Since neurine and mydaleine are the only activelv poisonou> 
ptomaines that are likely to be extracted from corpses bv the 
toxicologist, a knowledge of their physiological effects is of some 
importance. The following account is taken from Dixon Mann's 
work on 'Forensic Medicine and Toxicology',* pp. 616, 617: 
* According to Brieger, the symptoms in rabbits produced bvihe 
subcutaneous injection of neurine hydrochlorate are : — moisture 
of the nostrils and upper hp, followed by movements as in the 
act of chewing, with the formation of drops of thick mucus at 
the angles of the mouth ; profuse salivation then occurs, wliich 
continues to the end. The breathing is at first accelerate, it 
then becomes shallow and irregular, with marked svmptoms 
of dyspnoea. The heart-beats, much quickened at first, are then 
slowed and enfeebled, becoming weaker and weaker until con- 
tractions finally cease, and the heart stops in diastole, respiration 
continuing for a time after the heart ceases to beat. Occasion- 
ally, but not constantly, the pupils are contracted after injection 
of the ptomaine ; on the other hand, a concentrated solution of 
it dropped into the eye almost always produces narrowing of the 
pupil. Active peristalsis of the bowels comes on earlv. Clonic 
spasms, w^hich are not altogether respiratory, and paralvsis 
of the hind, and then of the fore, legs precede death. Five 
milligrammes produce symptoms of poisoning in, and four 
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centigrammes constitute a lethal dose for, rabbits, weighing 
one kilogramme. The symptoms strongly resemble those pro- 
duced by muscarine, and like them are combated by atropine. 

* Mijdaleiue produces the following symptoms in rabbits : — 
The secretion from the nostrils and the lachiymal glands is 
increased ; the pupils are dilated and reactionless, and the 
vessels of the ears are injected ; the temperature is elevated 
1° to 2°C. ; the pulse and respiration at first increase in rapidity, 
and then become slower, the heart ceasing in diastole. 
Peristalsis is increased, and there is diarrhoea and vomiting ; 
clonic spasms and paralysis, with a tendency to stupor, precede 
death. ¥i\e milligi-ammes of mydaleine hydrochlorate injected 
into a kitten caused rapid dilatation of the pupils (which were 
reactionless), diarrhoea, vomiting, salivation, sweating of the 
feet, stupor, muscular spasms, paralysis first of the hind and 
subsequently of the fore legs, slow laboured breathing and death. 
The heart was found in diastole ; the mucous membrane of the 
bowels was somewhat injected, and they contained some thin 
fluid secretion.' 

Several attempts have been made to find some general test 
for distinguishing ptomaines from the vegetable alkaloids, 
but, as previously stated, no reUable tests exist. One method 
brought forward was based upon the rapid reduction of 
potassium ferricyanide to the fen-ocyanide by ptomaines. The 
ptomaine is converted into a sulphate, and the solution of it is 
mixed with a drop of solution of potassium ferricyanide in a 
watch-glass ; on adding a drop of ferric chloride solution to 
the contents of the watch-glass, the deep blue colour of 
Prussian blue is produced, if reduction of the ferricyanide has 
taken place. Under similar conditions, however, some of the 
vegetable alkaloids, such as aconitine, morphine, eserine, and 
hyoscyamine, exert a rapid reducing action on the ferricyanide, 
and others, such as emetine, igasiu*ine, nicotine, colchicine, <fec., 
exert a slower reducing action. 

Brouardel and Boutmy ^ have suggested, as a distinction 
» Man. ScienL, 3 S^r. ii. pp. 736, 738. 
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between ptomaines and vegetable alkaloids, making use of their 
different action on photographic silver bromide paper. The 
paper is written on ^^'ith a glass pen dipped in a solution of 
the alkaloid, and is then kept from the light for half an hour ; 
it is then washed first with sodium hyposulphite solution, 
and lastly with water. The ptomaines reduce and blacken tin- 
silver compound, but the vegetable alkaloids do not. Neiihoi 
of these processes, however, can be absolutely reUed on for 
distinguishing between ptomaines and vegetable alkaloids. 

Poisonous and Infected Foods 

It occasionally happens that, under certain and various con- 
ditions, dififerent articles of diet become possessed of poisonou? 
properties; this may happen quite apart from the criminal 
or accidental introduction of poison. Articles of food mav 
become more or less poisonous from the following causes :— 

1. The poisonous results may be due to food conveving a 
true infection, or to poisons developed in and from the food by 
bacterial agencies. 

2. The poisonous results may be due to toxic metallic salts. 

3. The poisonous results may be due to the presence in the 
food of the germs or spores of certain specific diseases. 

4. The food may be infected with certain parasites or tb< Ir 
ova, which parasites or ova are capable of tindergoing devcK>p- 
ment in man. 

5. The flesh of animals may contain some poisonous sub- 
stance administered as a drug or eaten as food. 

These various causes will now be discussed in some detail : 
1. The poisonous results may be due to food conveying \ 
true infection, or to poisons developed in and from the food by 
bacterial agencies. 

I. il/f?a/.— Meat poisoning has resulted from consumption 
of the following kinds of meat, viz. : pork, ham, sausages, 
tongue, beef, brawn, veal pie, pork pie, l>eef pie, and chicken 
broth. The symptoms produced by the consumptioQ of 
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poisonouii meat are those of gastro-intestinal disturbance, which 
is more or less severe, and wliich is accompanied by disturbance 
of the nervous system. The first symptoms of illness, as a 
rule, occur rather suddenly at a varying period after consump- 
tion of the poisonous food. The symptoms generally are 
nausea, vomiting, pain in the abdomen, and diaiTh(ra, the 
latter usually being of an offensive character. The nervous 
symptoms, as a rule, are faintness, muscular weakness, pros- 
tration, and occasionally rigors. As a rule, these symptoms are 
followed by fever, headache, and thirst. If the illness pro- 
gresses, however, other nervous symptoms may be observed, 
such as cramps, nmscidar twitchings, disturbances of vision, 
dilatation of the pupils, drowsiness, and occasionally coma. 
The appearances obsen'cd in the organs of the body after 
death are inflammatory, hajmorrhagic, oT destructive changes 
in the stomach and intestines ; engorgement of the limg-tissues 
with blood ; and inflammatory or destructive changes in the 
liver and kidneys. This condition must be regarded as not 
simply the result of the irritant etTects of the poisonous food 
on the stonuich and intestines, but also as being due to a 
genenil disease resembling in many of its etTects a specific 
fever. This latter point has been insisted on by Sir George 
Buchanan, who says * that the phenomena which w'ere spoken 
of as food poisoning are claiming on ever-grow^ing evidence 
to be regarded as true infective diseases, as much so as was 
scarlet fever or tul)erculosis ; that they have not been generally 
admitted into this rank arises, firstlv, from the circumstance 
that some of them have seemed to be wanting in the incuba- 
tion period ; and, secondly, because they are rarely recognised 
as being transmissible from person to person.' An epidemic 
occuiTed in Middlesboro in the early part of 1888, and resulted 
in 490 deathjs in a population of 98,000. It was an epidemic 
of pleuro-pneumonia, due, at all events in pai-t, to the con- 
sumption of American bacon, made by soaking in water, and 
then only slightly diying, salted pork imported from America. 
In this bacon there was found a bacillus which was capable of 
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producing a specific general fever, the special characteristic of 
which was pleuro-pneumonia. Many cases of meat poisoning 
have been recorded of late years, of w^hich the following have 
been selected as typical examples : — 

Underbill ^ records some cases of poisoning by tinned beef. 
The tin was not blown, and half a pound of the contents was 
divided into eight portions, w^hich were partaken of by eight 
persons, two adults and six children. In periods varying from 
two and a half to four hours after eating the beef, all the 
persons w^ere seized with illness. The symptoms were, profuse 
vomiting, intense abdominal pain, profuse diarrha>a, coldness 
of extremities, and collapse. The urgent symptoms lasted 
about six hours. Underbill found that down one side of the 
tin the meat was discoloured on the surface, but otherwise it 
was perfectly red and good, and did not smell. Several cases 
of fatal poisoning from roast pork, in connection wuth which 
nothing unusual was noticed in the meat at the time of eating, 
have been described. At Whitchurch, in 1878, several people 
were taken ill after eating from a roast leg of pork, two of them 
dying shortly afterwards. At Nottingham, in 1881, several 
people were taken ill under precisely similar conditions. The 
period elapsing betw^een eating the pork and the first definite 
symptoms of illness varied from twelve to thirty-four hours, 
and one of the sufferers died after four days' ilhiess. At 
Battersea, in 1893, tliroe people were attacked with illness 
aftei* eating baked pork. They noticed nothing unusual with 
the meat, but, about twelve to twenty-four hours after eating 
the pork, tliey were seized with diarrhoea, and one of them 
subsequently died. 

BristowT -^ records details of an outbreak of illness at Cara- 
berwell after eating pork pies. Thirty-seven cases occurred, 
two of which were fatal. They were all traced to one batch 
of pork pies, sold by a respectable tradesman, and received by 
him from Leicester. The symptoms were, abdominal pain, sick- 

» Brit Med. JoJir., 1892. 2 75^^^^ 1993^ 
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ness, diarrhoea, severe headache, high temperature, and col- 
lapse. Although, as a rule, the symptoms did not appear until 
twenty-four or thirty-six hours after eating the pies, several 
cases occurred in which the illness came on almost at once, in 
a comparatively slight form, and was followed by an inter- 
mission, the serious attack only coming on, as in the other 
cases, at a later period. One woman, whose husband and 
child were attacked after eating the pie, was affected, notwith- 
standing that she took none of it herself. It was, however, 
found that the knife which was used to cut up the pie was also 
used in helping her to dinner. 

From investigations of the different cases of food poisoning 
that have occurred, the following deductions may be drawn : - 

{a) In food which has become poisonous by keeping, one 
or both of these two conditions obtain— viz. a living microscopic 
organism, and an organic chemical poison, which may be a 
ptomaine, albumose, or toxin. 

{h) The substance which is the inunediatc cause of the pro- 
duction of the morbid phenomena or symptoms is the chemical 
poison, which probably is produced by the action of the micro- 
organism on the albuminous constituents of the food. In the 
majority of cases the presence of oxygen appears to be neces- 
sary for the development of poisonous ptomaines, and, there- 
fore, finely-divided meat is more liable to become toxic on 
account of the large surface which is thus brought in contact 
with the oxygen of the air. In certain of the German sausages, 
liver and blood enter into their composition, and these in- 
gi'edients appear to be especially prone to develop poisonous 
bases. 

((•) Provided the conditions are favourable to the growth 
and activity of the micro-organism contained in the article of 
food, it may produce its own peculiar chemical poison from the 
material affording it nourishment, either outside the body of 
man or within it. 

{d) Both the specific micro-organism in an infected food, 
and the poison resulting from the fermentative and putre- 
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factive changes induced by it, may be fleeting as regards their 
existences, since the micro-organism may be killed by its own 
products, or the chemical poison, from its unstable nature, may 
undergo decomposition ; so that an infected food which may 
be poisonous at one time may fail to be poisonous at a later 
period. 

(r) In many of the cases of food poisoning that liave 
occin-red, an incubation period has been notic€>d, althougli in 
some cases it is practically wanting. When an incubation 
period occurs, in all probability that period is being employed 
by the micro-organism gi-owing and cultivating itself within 
the human ])od}', and producing its poisonous chemical sub- 
stance, to which the symptoms arising at tlie end of this period 
are no doubt duo. 

Wlien symptoms are produced by poisonous food without 
an incubation period (that is, in from half an hour to a few 
hours after taking the food), they are probably due to the action 
of an organic cliemical poison previously manufactured in the 
food. This is what one would nattn'ally infer, since a micro- 
organism, as in the other specific infections, would require time 
to grow, and to devel(^p its chemical poison ; whereas an article 
of food containing an already developed chemical poison would 
natmally operate more speedily, and tlie rapidity of the action 
of the poison would depend upon the amount of it taken, its 
poisonous natin-e, and on the idiosyncrasy of the individual 
taking the poisonous food. 

( /") That tlie symptoms induced ])y poisonous food are not 
al\va\ s due to chemical poisons previously produced in the article 
consumed, but that they are due to a true infection, is shown 
bv the fact that extremelv virulent micro-organisms have been 
found in artick^s of food, and in the viscera of persons dying 
from the consumption of such articles. As was shown in the 
rortsmouth pie-poisoning case, some of these bacilli may not 
be pathogenic or disease-producing on inoctdation, though when 
taken ])y tlie motitli they may produce a chemical poison, which, 
absorbed from the alimentary canal, is capable of producing 
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illness, and even death. The not uncommon practice of eating 
high game is one which is Hable to be attended with danger, 
since the highness of the game is dependent upon putrefactive 
changes that have occuiTed in it. The cooking of the game 
possibly destroys the bacilli of putrefaction in the food, but does 
not necessarily destroy the chemical products of the putre- 
faction ; hence, after consumption of such game, a certain 
amoiuit of h(»adache, nausea, lassitude, and frequently slight 
diarrhoea, are not inicommon symptoms the next day. 

As to the nature of the chemical poisons produced in articles 
of food by bacterial agencies, the following three classes arc 
known : — 

1. The ptomaines or animal alkaloids resulting from putre- 
factive or fermentative changes. 

2. The albumoses or poisonous proteids, which arc also 
produced by bacterial agencies, and probably occupy an inter- 
mediate position between allmmins or proteids and ptomaines. 

3. Toxins or poisons possessing an uncertain composition, 
and which are also probably produced by bacterial agency. 

II. Fish. — Cases of poisoning by fish, and especially by 
certain kinds of shell-lish, are not uncommon. Mussels, 
crabs, lobsters, oysters, salmon, and sardines may produce 
symptoms of poisoning. The ordinary symptoms ai'e those 
of irritation of the rstomach and intestines, with vomiting and 
diaiTho^a ; more or less nervous disturbance occurs, not uncom- 
monly accompanied i)y a nettle-rash. Fatal effects may result 
owing to fish becoming toxic from the development of a 
chemical poison by bacterial agency, and in some instances the 
bacilli or germs appear to grow practically without an air- 
supply, as most probably occurred in connection with a 
fatal case of poisoning by tinned salmon that was investi- 
gated by the author in 1891, and a fatal case of poisoning 
by tinned sardines that w-as investigated by Stevenson in 
1892. In the former of these cases the fish, to appearance, 
taste, and smell, seemed to be perfectly sound, and was 
consumed without suspicion. In the latter case, reported by 
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Stevenson,' a militai'v officer, aged twenty-one voats, took six hot 
sardines on toast for breakfast ; during the day he vomited tvsice, 
and the following morning was seen by a medical man, when he 
was found to be suffering from slight pain in the stomach, a 
weak pulse, and stiffness and feeling of w^eight in the right leg ; 
! about an hour later he died somewhat suddenly, and it was then 

jl noticed that the right thigh and scrotum were oedematous. 

y. At the post-mortem examination made the next day, putre- 

Jl. faction was considerably advanced ; the mucous membrane of 

™^ ' the stomach and the ruga; of the intestines were eraphvse- 

matous. The liver was friable and hyperaBmic, as were als<i 
{ the kidneys and bladder; the endocardium was blood -staineil. 

Stevenson found that the sardines left in the tin ha<i no unusual 
j ' appearance ; their odour was peculiar, but not offensive ; the 

\ \ tin itself was bright and uncorroded. Some of the fish were 

j ' intensely toxic, killing mice and a rat fed on them. From four 

! of the fish, weighing two and a quarter ounces, Stevenson ex- 

I ; tracted <,\y of a grain (1 milligramme) of an alkaloidal substance, 

two-thirds of which, injected beneath the skin of a young rat, 
j caused its death within four hours and a quarter. No characteris- 

tic pathogenic forms of bacteria were discovered in the sardines. 
A piece of one of the sardines, which, when eaten, had caustJ 
the death of two mice, was macerated, whilst swarmin^T with 
j'j ordinary bacteria, in sterilised water, and pla<5ed beneath incisionii 

1 in the backs of two guinea-pigs, both of which were unaffectt-d. 

These experiments pointed to a toxic ptomaine, and not to the 
direct action of pathogenic bacteria on the animal or»mnism. 
From the contents of the stomach, and from the vomit of the 
deceased man, small portions of an alkaloidal substance wen* 
extracted which, injected into the backs of yoimg rats, killed 
them. Stevenson was of opinion, from the results of his exi>eri- 
ments, that the case was one of ptomaine poisoning, and he 
inclined to the opinion that the ptomaine was generated before 
the tinning of the sardines. 

Most probably in these cases the contents of the tins were 

' BriL Med. Jour., 1892. 
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not completely sterilised, and so, after sealing, the micro- 
organisms continued to grow and produce a chemical poison 
without a supply of air. 

Many cases of poisoning from eating mussels have occurred. 
Formerly it was believed that mussels owed their poisonous 
properties to the presence in them of copper derived from ships* 
bottoms ; but the researches of Brieger have shoNvn that the 
poisonous effects are duo to a ptomaine named mytilotoxine, 
a poison which is produced within the mussels by bacterial 
agency, the bacteria generally gaining access to the fish from 
sewage contamination of the water in which they are living. 
It has been found that mussels gathered in harbours or on shores 
polluted by sewage are not unfrequently poisonous, and con- 
tain the ptomaine mytilotoxine ; whereas, if some of these 
mussels are taken to the open sea and laid down there for a 
few months, they lose their poisonous properties, and cease to 
contain mytilotoxine. If the mussels inhabit stagnant water, 
or water containing decomposing matter, they may also 
develop their peculiar poison. Oysters also, if grown in water 
to which sewage gains access, may develop poisonous pro- 
perties. 

Cameron * relates the cases of seven persons who, after 
partaking of a meal of stewed nnissels, were seized with severe 
symptoms of poisoning; five of the aflected persons died. 
About twenty minutes after the ingestion of the mussels some 
of the children affected complained of a sensation of 'pins and 
needles' in the hands; these sensations were rapidly followed 
by vomiting, dyspna^i, swelling of the face, want of co-ordination 
in movement, and spasms, principally in the arms. One of the 
childi-en died in less that an hour, the mother and three other 
childi-en succumbing within two hours after eating the mussels. 
The patients apparently died of asphyxia, their faces being 
intensely livid. The mussels had been procured from a small 
sheet of water to which the sea had access, but which received 
fresh water and some sewage. McWeeney obtained, from 

* The Lancet, 1^0 
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mussels taken from the same pond, cultivations containing 
numerous colonies of bacilli. 

Todd * records a case of poisoning by mussels which 
occurred in an elderly man, and which, under treatment, was 
followed by recovery. The patient partook freely of mussels 
one evening, and about two hours later he felt giddiness coming 
on, followed by a prickling sensation in the hands, extreme 
dryness of the throat, colicky pains, and diari'lioea ; loss of 
sight and unconsciousness quickly followed. When seen 
shortly afterwards he was in a state of collapse, with small 
quick pulse, and lividity of the face, particularly marked 
about the nose ; he was conscious, but there was loss of 
speech and sight, and profuse diarrlioja. When able to speak 
he complained of acute pain in the epigastrium and at the 
nape of the neck. The treatment consisted in producing 
vomiting by an emetic of mustard, applying warmth externally 
and nuistard poultices to the epigastrium and nape of the neck, 
and the subsequent administration of stimulants, including 
digitalis, togetlicr with ten drops of the liquor sirychnbue 
everv half hour till relie\ ed. In four hours he had recovered 
from tlie graver symptoms. Cameron - records some cases of 
apparent poisoning by oysters, in which the symptoms were 
nausea, vomiting, diarrha^^, abdominal pain, and severe pros- 
tration ; no deatlis resulted. The oysters seemed to be quite 
fresh. 

In tropical I'ugions certain of the lish are exceedingly 
poisonous wlien used as food, either at certain seasons, or 
perhaps in the case of some species always. Several deaths 
occurred on a steamer '* during a voyage from Rangoon to Mar- 
seilles, from some of the crew partaking of some fish which had 
been caught in tropical waters ; several of them died in temble 
agony. 

III. Milk, ^lilk may produce symptoms of poisoning or of 
disease in several wavs. It mav become acid from lactic acid 

' Brit. Med. Jour., 1891. - Ibid., 1800. 

=» The Lancet, W.)2. 
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fermentation, and in this condition is extremely liable to produce 
flatulence, sickness, and diarrhoea in children. Milk may also 
develop a poisonous substance named tyrotoxicon, which was 
first discovered by Vaughan in poisonous cheese. In addition, 
milk may contain the germs of several of the specific fevers 
(see p. 4:14). 

IV. Cheese— Under certain conditions cheese niav become 
poisonous, due to the production, as the result of a peculiar 
fermentation, of a toxin discovered by Vaughan and named 
tyrotoxicon. Tyrotoxicon was at first considered to be a 
ptomaine, but its chemical composition is that of diazo-benzene- 
butyrate. This substance is an extremely powerful poison, 
producing nausea, dryness of the mouth and throat, vomiting, 
diarrhoea, and extreme neiTous prostration. Usually the sym- 
ptoms pass otT after a few hours, but death may ensue from 
collapse. Milk and cream, as w^ell as cheese, may contain 
tyrotoxicon. Cheese containing this poison need not be, either 
in appearance or taste, different from that of sound cheese. 

V. Vefjet(:ib!es.--\ egatohlos may also develop poisons as the 
result of putrefactive changes, although this accident is not so 
likely to occur as is the case with the different kinds of meat 
and fish. 

2. The poisonous results may be due to the presence of toxic 
metallic salts. — Tinned provisions, but especially tinned fruits 
containing an acid juice, mjiy produce poisonous symptoms 
from impregnation with soluble tin salts. These are probably 
produced by the malic acid present in the juice exerting a 
galvanic action upon the solder of the tin, and so carrying 
some of it into solution as malate of tin. Tinned chen*ies, 
apples, pineapples, and tomatoes are the most liable of the 
tinned provisions to contain tin, the acid juice acting upon the 
solder of the tin as just described, or possibly on the tin surface, 
owing to the interior being coated with impure tin. In 1890 
four cases of tin poisoning, caused by the consumption of tinned 
cherries, were investigated by the author, and, owing to the tin 
from which the patients had eaten l)eing left half full, a determi- 
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nation of the amount of soluble tin salts present, and therefore 

of the amount that had been taken in each case, was effected. 

jD The juice contained in solution malate of tin equivalent to 

nearly two grains of the higher oxide of tin in each fluid ounce. 
It was estimated that the symptoms (in each case occurring in 
robust men) were produced by doses of malate of tin varying 
from four to ten grains. Two of the patients nearly died from 
the severity of the diarrhoea and collapse, but, finally, under 
treatment, they all recovered. 
■\ 1 Copper sulphate is occasionally used to give a rich cjreen 

colour to preserved peas and other vegetables, to olives, and 
to green pickles ; copper may also gain access to articles of food 
or to preserves which have been kept in the cold in copper 
vessels exposed to the air. The colouring of vegetables bv the 
use of a copper salt is due to the formation of a copper com- 
pound with the phyllocyanic acid derived from the chlorophyll. 
This copper salt, being an insoluble one, is not as a rule found 
in the Hquid surrounding the peas, Ac, but all the same, whtn 
such peas, &c. are consumed, the copper compound can exercise 
31 a detrimental effect. 

: Water may become contaminated with lead derived from 

! leaden pipes, or from lead-hned storage cisterns (see p. 191^1. 

Copper and zinc may also occur as impurities in di^inkini'- water. 
3. The poisonous results may be due to the presence in the 
||! food of the germs or spores of certain specific diseases.- In this 

1;. way such specific diseases as tj^hoid fever, cholera, scarlet 

fever, diphtheria, tuberculosis, actinomycosis, and anthrax may 

be conveyed to man. Water is the usual medium hv which 

the typhoid germ is conveyed to the system of man. o\\\x\-^ to 

, the pollution of water with sewage containing typhoid stools. 

J f Tlie dissemination of cholera is also mainly due to the con- 

/ taniination of water with cholera bacilli derived from cholem 

^ 1 stools. Milk may contain the baciUi of t}^hoid fever, cholera, 

: scarlet fever, and diphtheria. The typhoid germs mav ^^in 

'( access to the milk by polluted water either being added to the 

milk, or by its being used to cleanse the milk cans, or bv ex- 
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posure of the milk to sewer air. The germs of scarlet fever 
mav be conveyed into the milk either from the hands of a 
milker suffering from scarlet fever in the peeling stage, or from 
cows suffering from a disease which is either identical with, or 
closely resembles, human scarlet fever. Diphtheria is possibly 
conveved from the cows themselves. Tubercular disease of the 
intestines, which is so common among young children, is 
probably due to the milk containing tubercle bacilli derived 
from tubercular udders of cows. If such milk l>e given unboiled 
to children, these tubercle bacilli are capable of setting up 
tubercular ulceration of the intestines, ^lilk mav also be con- 
taminated through the animal suffering from foot and mouth 
disease ; if vesicles are present on the teats of cows suffering 
from this disease, the virus may gain access to the milk, and 
then is capable of producing a somewhat similar disease in 
the person consuming such milk. The rare disease known as 
actinomycosis is probably due to eating raw barley or other 
cereals upon which the actinomyces fungus has grown. 

4. The food may be infected with certain parasites or their 
ova, which parasites, or ova, are capable of undergoing develop- 
ment in man.— Pork may contain the small trichina spiralis 
worm, and so may produce in man the distiase called trichinosis. 
The trichina of pork is a small worm about -.^ of an inch long, 
coiled up in a fibrous capsule between the muscle fibres ; when 
swallowed in this encvsted form, if the trichina? have not been 
killed by proper cooking, the capsule dissolves in the digestive 
juices, and the worms are set free and matiu'e and pair in the 
intestines in about three davs. The ova are hatched within the 
uterus of the female worm, and the birth of the embryos begins 
on the seventh dav, and continues for some time ; thev migrate 
through the intestinal walls mainly by direct passage, and also 
by gaining access to the lymph and blood streams, and finally 
settle down in the muscles, where they become encysted. 

Pork may also contain the cystic stage of the tape-worm and 
so give rise to the tape-worm, ta?nia solium, in man ; such pork 
is commonly known as ' measly ' pork. Beef may contain the 
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cystic stage of the tape-worm, taenia mediocaneliata, and so give 
rise to that tape- worm in man. 

Vegetables which are oaten by man uncooked, such a*, 
lettuces, watercress, i^'c, may contain on the surface the ova f)f 
a small tape-worm, the tienia echinoctxrcus, which inhabits the 
intestines of dogs ; the pivsence of the ova oti the vogi*tal»lf'^ i^ 
due tu dogs defiecating thereon. Sucli ova intrudno.'ti in^» :1k' 
stomach of man are the cause of hvdatid disease. Water ii^av 
also contain these ova from contamination with dojjs" f:ecf>. 
and may so give rise to hvdatid disease in m:in. 

In connection with several of the cases of foctd }K>isoiiini^ 
described, it will have been noticed that the fixxl frequently 
appeared sound and good, so far as could be judged by ap- 
pearance, smell, and taste. In such cases it would be obviously 
unjust to hold the manufacturer or vendor of such arliclr> of 
food responsible for any disastrous etYects following their c( r- 
sumption, unless it can ])e shown that unsound meat, iVo. vjis 
used at the outset, or that there was gross and culpable ne^liTt 
of the ordinary precautions as to cleanliness at the jdace or placi-s 
where the food was prei)ared. The exact degi'ee of respc'jnsi- 
bility attaching to tlie manufacturer or vendor is a matter tliiit 
nuist be decided with special regard to the ciicum^^iauco-; of 
each paiticular case. 

In hsy;j several cases of brawn -poisoning, with two deaths, 
occurred at Burry Port; the coroner's jury committed thi* 
butcher, who supplied the meat, for trial on the charge c^f nian- 
slaugluer ; at the conclusion of the trial he was ac<juitteii 
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